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We labour, toyle, and plod to fill the memorie
,
and leave both understanding and conscience emptie,
Montaigne, Of Pedantisme .
^
CHAPTER I
BACKGROUND TO THE PROBLEM
Introduction
The two fundamental and closely-related purposes of
American education are the development of the individual and
the improvement of society. Since our democratic society is
based upon the worth of the individual, the fostering of
individual fulfillment is paramount. ^ In a publication by
the National Science Teachers Association this purpose of
education is expressed succinctly as part of the definition
of the educational enterprise:
Because American democracy is predicated on the dig-
nity of the individual human being, the enterprise strives
to promote this dignity and to enrich human living. It
further strives to inculcate worthy moral and ethical
standards in young people and to develop individuals who
will live responsible and fruitful lives within the frame-
work of American culture.
3
These purposes of the educational enterprise can best
^Montaigne, Of Pedant isme
,
quoted in R. Will Burnett,
Teaching Science in the Secondary School (New York: Rinehart
& Company, Inc., 1957)# p/^7.
2John W. Gardner, Two Goals of Education , The Report
of the President’s Commission on National Goals for Americans
(New York: American Assembly, Columbia University, I960),
p. 8l.
3pianning for Excellence in High School Science (Wash-
ington, D.C.: National Science Teachers Association, 1961),
p. 8.
1
2 .
be achieved by offering experiences in which the individual
can perfect his ability to make judgments. That education
improves society by developing the individual’s ability to
think was expressed by the Educational Policies Commission
in the following statement:
The purpose which runs through and strengthens all
other educational purposes — the common thread of
^ucation — is the development of the ability to think.
This is the central purpose to which the school must be
oriented if it is to accomplish either its traditional
tasks or those newly accentuated by recent chanpes in
the world.
4
Moreover, the Commission endorsed problem-solving^ as the
method of achieving this purpose:
• . • . The rational pov/ers of any person are developed
gradually and continuously as and when he uses them
successfully. There is no evidence that they can be
developed in any other way.^
Perhaps the problem-solving method can best be
described by contrasting it with its counterpart. Ulti-
mately, there are two approaches to teaching subject
matter: the lecture-textbook-centered method, and the
problem-solving-laboratory method. Murphy condenses the
various methods to either those in which the student active-
ly participates or those in which the student passively ac-
4Educational Policies Commission of the National Ed
ucation Association, The Central Purpose of American Educa -
tion (Washington, D.C.: National Education Association,
1^1), pp. 11-12.
^Words underlined in this section are defined in
Chapter II under the heading "Definition of Terms."
^Educational Policies Commission, p. 12.
3 .
cepts knowledge:
Whether we refer to a teaching method as 'non-directive ’
or directive,' 'student-centered' or 'teacher-centered,'
democratic' or 'authoritarian,' or coin terms of our
own, the same basic distinctions remain. Fundamentally,
contrasting methods employ either the active participa-
tion of students in the development of an inquiring mind
or the inculcation of accepted knowledge and practices. *7
According to Sund and Trowbridge, the active participation
of a student in the problem-solving method involves the follow-
ing activities:
*.*
!
identifying problems, observing, measuring, clas-
sifying, inferring, predicting or making hypotheses, dis-
covering meaningful patterns, designing experiments, in-
terpreting and analyzing data, and verifying.
°
Problem-solving is generally accepted as the most
effective way of teaching subject matter because the student's
active participation is a strong motivational factor. Par-
ticipation is generally agreed to lead to more effective
learning than passive observation. In a report the National
Science Teachers Association states that:
Research in psychology has clearly shown that phys-
ical, emotional, and intellectual involvement in the
learning process enhances its effectiveness. Granting
that people can learn vicariously, it is increasingly
clear that as a learning experience observation is in-
ferior to more intense participation on the part of the
learner."
^Glenn W. Murphy, "Content Versus Process Centered
Bioloby Laboratories, Part I: Foundations of Biology Ed-
ucation," Science Education , LII (March, 1969), 143*
^Robert B. Sund, and Leslie W. Trowbridge, Teaching
Science in the Secondary Schools (Columbus, Ohio: Charles
Merrill Books, Inc., 196?), P» ”39.
10 -11 .
9pianning for Excellence in High School Scienc e, pp.
4 .
T)e\-jej revived interest in active participation as a
teaching method at the tui’n of the century by stressing that
the "doing” of something was essential to understanding; "A
separation of the active doing phase from the passive under-
going phase destroys the vital meaning of an experience , "10
This belief was in sharp contrast to the philosophy
underlying the report of the Committee of Ten in 1893 which
stressed college preparatory courses for those select stu-
dents v;ho might be considered suitable for higher education.
According to the Committee, the same courses could be profit-
ably taught to terminal students also since it saw the pur-
pose of education as primarily one of strengthening the mind
through memory learning. The discipline of one's mind, not
the accumulation of specific facts, v;as the objective of ed-
ucation. The "passive undergoing" phase took precedence over
the "active doing" phase in the Committee's report.
Dewey's endorsement of problem-solving as a method
was reflected in the shift of the aims of education from
those of the Committee of Ten, which stressed memory learn-
ing, to those expressed in 1913 by the Commission on the Re-
organization of Secondary Education, which emphasized value
judgments
.
According to the Commission, the basic goals of ed-
^^John Devjey, Democracy and Education (New York: The
Macmillan Company, 191^, P* 177
•
5 .
ucation, referred to as the Seven Cardinal Principles, are:
(1 ) good health
(2 ) command of fundamental processes
( 3 ) worthy home membership
ik) vocational efficiency
(5) civic efficiency
(6) worthy use of leisure time
( 7 ) ethical character^!
V/hile the Committee of Ten recommended education for the
select group of young people fit for college, the Coromission
on the Reorganization of Secondary Education described an
education which would implant understandings and proper atti--
tudes in every person. It is of significance that the aims
of secondary school education today are virtually identical
with those propounded by the Coinmission.
Since the Commission’s report, educators have spoken
out in favor of problem-solving as the method of inculcating
the important objectives of education. Piaget, according to
Eleanor Duckworth, expressed the importance of the inquiry
approach in the following statement: ”The goal of education
is not to increase the amount of knowledge, but to create
the possibilities for a child to invent and discover.
Another endorsement of the skills of inquiry is Bruner’s:
It is only through the exercise of problem-solving and
^^Cardinal Principles of Secondary Education , Report
of the Commission on the Reorganization of Secondary Educa-
tion, National Education Association, Bulletin 1918, No. 35
(Washington, D.C.: Government Printing Office, 1918), pp. 10-11.
^^Eleanor Duckworth, ’'Piaget Rediscovered," Journal of
Research in Science Teaching, II (1961|), 17i^-•
6 .
the effort of discovery that one learns the working
heuristics of discovery. ^3
Although problem-solving has been propounded by ed-
ucators as the most efficacious means of teaching the im-
portant objectives of secondary school education, as a
method, it has, in practice, been virtually ignored. In
fact, the skills of inquiry have been sparingly applied
even in the areas of mathematics and science "where one
would expect to find the most meaningful use of effective
thinking procedures . "^4
The Aims of Secondary Science Education
The purposes of secondary science education are
parallel to the aims of general education. The Report of
the Commission on the Reorganization of Secondary Educa-
tion, which de -emphasized memory learning, had much to do
with shaping today’s secondary science curriculum. A pub-
lication of the National Science Teachers Association pre-
sents the significance of the shift of the objectives of
science teaching in the following statement:
V/hen approached from an analysis of the nature of
the educational and scientific enterprises, past science
teaching has been primarily concerned with teaching what
scientists know (the product), but has failed to yield
proper understanding of the ways in which scientists ob-
^3jerome Bruner, "The Art of Discovery, " Harvard Ed -
ucational Review , XXI (1961 ), 31*
^4Richard E. Gross and Frederick J. McDonald, "The
Problem-Solving Approach," Phi Delta Kappan , XXXIX (March,
1958 ), 259 .
7 .
tain this knowledge (the process). The latter is ex-
remely important, not only for the training of future
scientists, but also for the production of a scientificcally literate citizenry capable of applying broadly themodes of scientific thought and sympathetic to the sci-
entific endeavor . 15
In an age in vrhich the discoveries of science have
such an impact, it is a natural consequence that one of
the important objectives of science teaching should be to
prepare the citizenry for changes effected by science.
V/hereas the early literature in science education had
stressed the practical uses of science, or industrial ap-
plications, recent publications reflect the priority placed
on understanding science and the fostering of a sympathetic
attitude toward science .^ The National Society for the
Study of Education in Rethinking Science Education enumerated
the objectives of science teaching as defined by science ed-
ucators. As stated by Hurd, they include:
A. Understanding Science
1,
Knowledge of science concepts and principles
P. Understanding of the nature of the scientific
enterprise
.
B. Problem Solving — Including methods of ino^uiry,
observation and the processing of data.
C. Social Aspects of Science -- The difference between
science and technology and their interplay vrith
human affairs.
D. Appreciations of:
1, Importance of science
2, Methods and procedures of science
3 , Scientists
4 , Intellectual satisfaction gained from pursuit of
science either as a layman or scientist.
^^Planning for Excellence in High School Science , p . 1
8 .
E, Scientific Attitudes
. Among them;
1. Open-mindedness
2. Desire for accurate information
3« Confidence in procedure
1|. . Expectation that a problem may find solution
through use of verified knowledge.
• P. Careers and development of special interests in the
science fields.
G. Abilities related to reading and interpreting, lo-
cating authoritative sources, use of tools in
handling data properly, expr^sion of ideas, us-
ing science knowledge for responsible social
action
.
It is significant for this study that understanding science,
problem-solving, scientific attitudes, and attitude toward
science are listed as four of the primary goals of science
education.
A.lthough understanding science and a positive atti-
tude toward science are now considered important objectives
of science teaching, these concepts have been developed only
recently and are not alvjays clearly identified.
Understand! n.c; Science. -- Understanding science is
defined in the Fifty-ninth Yearbook of the National Society
for the Study of Education as the knowledge of science con-
cepts and principles as v^ell as the understanding of the
nature of the scientific enterprise. Cooley and Bassett,
who conducted a study in 1954 determine if a gain in
unders tanding science could be measured, described under-
standing science as one's image of science and scientists;
l^National Society for the Study of Education, Fifty-
ninth Yearbook of the National Society, Rethinking Science
Education (Chicago: University of Chicago Press, 196oT,
PP. 33"34*
9 .
understandings of the distinctions between science and
technology; and an awareness of the nature of the scientific
process
.
17
Cooley and Klopfer in I960 undertook a more exhaus-
tive study on a nationwide scale to measure understanding
science. They divided it into three major components? under-
standing about the scientific enterprise; understanding about
scientists; and understanding about the methods and aims of
science,^® Each of these areas was systematically defined
in their study.
Understanding science is perhaps the primary objective
of a discipline v;hich has as its most significant function the
production of a scientifically literate citizenry. Much of the
misunderstanding about the pov;er and authority of the scienti-
fic community could be resolved if the public understood the
scientist and his work. Barnard expresses the relationship
between understanding science and the fostering of the scien-
tific endeavor in a free society in the follovring statement;
Much has been said aboiit the importance of children’s,
through their study of science, coming to understand
the nature of the scientific enterprise. This is im-
portant for several reasons. In a free society, scien-
tific advancement is dependent upon the v;ill of the peo-
ple: their will as decision-making citizens to support
it and their v/ill as individuals to become scientists.
17william W. Cooley and Robert D. Bassett, ’’Evaluation
and Follow-up Study of a Summer Science end Mathematics Pro-
gra.m for Talented Secondary School Students,” Science Educa -
tion
.
XLV (April, 1954 )»
l^illiam W. Cooley and I-eo E. Klopfer, Test on Under -
standing Science Manual for Administering. Scoring,,_g.ruOnjbj^-
pre tin^'scores (Cambridge , Mass,; Harvaro University Press,
xo.
®'3.'jcated people in a free societyshould understand the nature of the scientific enter-^
orr!^i
social, economic, and political factors thatIts development and the personal satisfactionsmat come to one vjho pursues a career in it. ^9
.
^_Ppsitive Attitude Toward Science . — Science edu-
cators theorize that an understanding of the scientist end
his work vrill foster a positive attitude toward science.
Understanding science end a positive attitude toward science
are inseparable since one may be the means of achieving the
other. Ramsey and Hov;e, however, feel that a student’s
attitudes tovrard science may well be more important than his
understanding of science since his attitudes determine how
he vjill use his knov/ledge
. Noll, who pioneered work in
scientific attitude^ in the 1930' s, based his research on
the fact that:
Charles W. llliot, Hujcley, vSpencer, and mors recently
leaders in the field of science education like Caldvjell,
Dovrning, and Povrers have stated from time to time that
one of the most important outcomes of instruction in
natural science is the scientific attitude.
Hurd, in the Fifty-ninth Yearbook of the National Society
for the Study of Education, included the development of sci-
^9j. Darrell Barnard, "V/hat Can Science Contribute to
the Liberal Education of All Children,” The Science Teacher,
XXXII (November, 1965),
^^Gregor A. Ramsey and Robert W. Howe, "An Analysis
of Research on Instructional Procedures in Secondary School
Science,” Part I -- Outcomes of Instruction, The Science
Teacher
,
XXXVI (March, 1969), 68.
^^Victor H. Noll, "Measuring the Scientific Atti-
tude
,
” Tlie Journal of Abnormal and Social Psychology , XXX
( July-September, 1935), 1^|5*
11 .
entific attitudes as one of the important objectives of
science teaching. 22
Although there is a diversity of opinion about what
constitutes scientific attitude, there is a considerable
degree of agreement. Hurd describes the scientific attitude
as characterized by open-mindedness, the desire for accurate
j confidence in procedure, and the expectation
that a problem may find solution through use of verified
knowledge . 23 According to Dewey, the scientific attitude is
composed of such qualities as ’’openmindedness, intellectual
integrity, observation, and interest in testing their opin-
ions and beliefs.
. . . Haney states:
To be scientific means that one has such attitudes as
curiosity, rationality, suspended judgment, open-manded-
ness, critical-raindedness
,
objectivity, honesty, and
humility . 25
More importantly, he feels that the scientific attitude
applies to all areas of life and is essential for living in
modern times
.
Problem-solving skills are essentially amoral. Knowl-
edge and intellectual prowess divorced from the con-
trolling influence of desirable attitudes toward man
and nature contribute to the phenomenon which Robert
Cohen termed the ’frustration of humane living inherent
^^Re thinking Science Education , p. 34-
•
23 lbid .
^4-John Dewey, ’’The Supreme Intellectual Obligation,
Science Education , XVIII (February, 1934 2.
^^Richard E. Haney, ’’The Development of Scientific
Attitudes,” Science Teacher , XXXI (December, 1964), 33-
1?.
in sci©nc 0 of tli© twontlotli cont'ury,
This similarity in the descriptions of scientific
attitude suggests that a collection of the viev:s of sci-
entists and philosophers would be useful in determining
a conclusive definition of the scientific attitude. Noll
in 1935 expressed such a need vrhen he stated:
Specifically, might it not be desirable, and perhaps
profitable, to begin by attempting to set forth a reas-
onable definition and description of the scientific
attitude from the scientist’s and the philosopher’s
point of view, and then to construct measuj?es in accord-
ance with the description thus evolved,^?
Noll recognized the intangibility of measuring "a
method of reacting or a vievjpoint towards things in general. "28
Noll meant that scientific attitude is concerned with a per-
son’s response to any specific matter, for instance, racism.
Furthermore, it would take a large nuraber of tests to show
how scientific an individual’s attitudes are in general. A
more practical approach would be to study scientific a,tti-
tude as it is applied to one field. Vitrogan^^ conducted
such an investigation in his study of attitude v;hen he re-
stricted its scope to one’s attitude toward science.
^6ibid
.
27no11, 111?.
28ibid .
^^David Vitrogan, "Characteristics of a Generalized
Attitude Toward Science," School Science and Mathematics ,
LXIX (February, 1969), 1^0
.
I
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£rj:>.];>lem-Somng_8 3 a Method of Secondary Science Educat-.inn
Most science educators concur in advocating problem-
solving as a method of realizing such objectives of science
teaching as understandings and attitudes. Barnard expresses
the view that the method of inquiry used by scientists should
be emphasized:
Methods of inquiry are largely responsible for the suc-
cessful development of the natural sciences. Physicists
ask questions of nature and get ansv^ers in a variety of
vjays
. These ’ways’ of the physicists are characteristic
of science. They deserve to be more widely known.
The Science Advisory Committee to President Eisenhower rec-
ommended problem-solving in the following statement:
Courses are needed which help the student think his
vray through and appreciate
. . . how scientific concepts
and lavrs are discovered, evaluated .and tested. 31
One would expect such a consensus of opinion to lead to
widespread adoption of problem-solving as a method in sci-
ence teaching. However, although recent literature in
science education has stressed inquiry, the inquiry method
has not been extensively employed.
Teachers generally do not use problem-solving as
a means, nor do they stress the skills of inquiry as an
important end of science teaching. According to a recent
30J. Darrell Barnard, Physics in Your High School
(New York: MoCtraw-Hill Book Company, Inc,,
3lEducation for the Age of Science , A Statement
by the President’s Science Advisory Committee (Washington,
D.C.: U.S, Government Printing Office, May 1959),
p. 19 .
survey of 1,11? school systems, Brandwein concludes!
. . . Roughly 90 percent of the physics and chemistry andearth science teachers observed lecture 90 percent of thetime in the classroom. 32
Boeck points out the contradiction between the endorsement
of problem-solving as a technique a.nd the infrequency of its
practice when he says
:
Teachers of science have wholeheartedly accepted this
truly significant objective: The student should know and
be able to use the methods of science in the solution of
problems and display an accompanying scientific atti-
tude, This acceptance, however, has not necessarily
meant that anything constructive is being done in science
classes to assure attainment of this objective by the
students. Instead there has been a feeling or a hope
that the typical pattern of teaching and materials in
science courses is sufficient to bring about the desired
results. Research findings indicate that. possession -6f
a scientific attitude and the ability to use the methods
of science on the part of students are not natural con-
sequences of being a member of a science class, 33
The contradiction that is apparent between theory
and practice is the result of several factors. Little of
the research investigating problem-solving can be directly
applied by the classroom teacher. Gross and McDonald report:
In 1941 when Glaser was preparing his ox%m research on
critical thinking, out of some 34*^ studies v/hich he re-
viewed he foimd fewer than thirty holding any practical
application for teacher use in the classroom. 34
Mowrer found, moreover, that few usable studies were done in
3^Paul F. Brandwein, "Observations on Teaching:
Overload and ’The Methods of Intelligence,'" The Science
Teacher
,
XXXVI (February, 1969), 38.
33ciarence H. Boeck, "Teaching Chemistry for. Scien-
tific Method and Attitude Development," Science Education ,
XXXVII (March, 1953), 8I.
34Gross and McDonald, ?59.
15 .
the ten years follovjing Glaser’s research. 35
Even if the experimental findings of studies on
problem-solving were meaningful, such findings have not been
made available to the average teacher. V/ith the exception
of sections devoted to problem-solving in two yearbooks of
the National Society for the Study of Education, most of the
literature is not in a form easily utilized by the teacher
in the lower schools. 3^
Perhaps the primary stumbling-block to employing
more problem-solving in the classroom are the differing con-
ceptions of v;hat is involved in problem-solving. Gross and
McDonald, who have conducted an extensive study of problem-
solving, found that:
There is at present no common agreement on what is meant
by ’problem-solving behavior,’ and, as a consequence,
there is considerable diversity in the kinds of behavior
that have been investigated as well as in the methods of
investigation. 3
7
Although problem-solving is accepted in theory as an
effective teaching method, proof is needed to verify its sig-
nificance in achieving the important goals of science educa-
tion. Brandwein, science editor for Harcourt, Brace, and
World, discusses the basic assumption by science educators
of the effectiveness of problem-solving as a method and the
corresponding lack of proof of its effectiveness:
35q, H. Mowrer, "Learning as Problem Solving," Re -
view of Educational Research , XXII (December, 19^2 ), 47o-8l.
3^Gross and McDonald, 259.
37ibid.
16
.
Underlying the observations and discussion in this briefpaper is the hypothesis that one learns the art of in-yestigation by investigating, by giving students oppor-
true experimental procedure. I have pursuedthis hypothesis for many years, beginning with a searchinto the nature of those v/ho would become scientists.
The hypothesis remains unproved.
. . . .at present, we must emphasize that there is
little or no valid evidence that instruction and practice
in the art of investigation in the elementary or high
school years produces better students, better scientists,
or better learners. To repeat, this remains hypothetical.
Most practitioners in teaching merely assume that school
science would be improved if students learned through in-
vestigation .3”
Kruglak also expresses the need for proof that inquiry skills
practiced in the laboratory are essential to the aims of
science education:
As scientists we are forced to admit that there is little
objective evidence at present to tell us whether or not
we are achieving the explicit and implicit aims of lab-
oratory instruction. 39
Are the Behavioral Practices Employed in Problem-Solving
Related to Understanding Science and a Positive
Attitude Tov/ard Science ?
The outcome of any educational endeavor is reflected
in the behaviors of the student. Evidence that problem-
solving does lead to the attainment of the important objec-
tives of science teaching would appear, therefore, in the
behaviors of the student. The confusion about what is
involved in and meant by problem-solving points to the need
for a compilation of the various behaviors that science
38Brandw'ein, 39.
39nyam Kruglak, "Evaluating Laboratory Instruction
by Use of Ob jective -Type Test," American Journal of Physics ,
XXVI (January, 1958)# 32.
17 .
educators associate with problem~solving. In addition,
an evaluation of those behaviors is essential to determine
v;hich are most effective in promoting an understanding of
science and a desirable attitude toward science.
Curtis recognized the importance of the relationship
hetvieen understanding science, scientific attitude and
student behaviors:
Emphasis on the scientific attitudes, like that on sci-
entific principles is not out-moded. ... It is dis-
couraginglv difficult to inculcate them in boys and
girls to the extent that the letters' subsequent be-
haviors V7ill reflect them. But there is no hope if we
assume a defeatist attitude toward attempts at such in-
culcation
.
4O
Barnard savr the need of investigating student behaviors in
an attempt to teach attitudes tovrard science:
If science teachers are concerned about teaching the
attitudes and methods of science so that thev relate inV
a more functional manner to the education of young people
in a democracy, they need to direct both the content and
methods of their courses toward the achievement of pos-
itive overt behaviors .41
Therefore it appears that a need exists for offering
experimental proof as to vrhich behaviors really do relate
to an understanding of science and an attitude toward
science. The conclusion based on experimental evidence
will be in usable terms for the teacher vrho is interested in
•^^Francis D. Curtis, "The Thirty-First Yearbook, in
Retrosnect and a Look to the Future,” Science Education ,
XXXVif (February, 1953), 33*
- .••••, '
41 J. Darrell Barnard, ’’Teaching Scientific Attitudes
and Methods in Science," The Bulletin of the National Assoo -
iation of Secondary School Pri no iples , XXXVII ( January , 1953),
mr.
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teaching for an understanding of science and a positive
attitude toward science. Moreover, such a study should form
the basis for more effective laboratory v;ork, as well as for
a measuring instrument more meaningful than achievement tests
measuring factual information.
The Importance of Phvs ics in Education
The physics course is valuable in fulfilling the
goals of education in general and the specialized aims of
science teaching. Today, more than ever, students grow uo
in a world I'jhere they witness technological phenomena. By
means of radio and television students instantaneously
share in the scientific exploits of our time. Ihatherford
points out the vital role that physics plays in contemporary
society in the following words:
Without such a study, as Galileo said, one may be lost
in a dark lab^T:’inth and not even know it; to be ignorant
of ph^rsics may leave one unprepared for living in his
own time. Some knowledge of physical science is re-
quired to participate or even to be an intelligent
spc^ctator in the great human adventures of our time.
An appreciation of physics is needed to be an effec-
tive citizen and effective wage -earner today.
VJhile there are no rigid boundaries separating the
scientific disciplines, physics does ha.ve a unique contri-
bution to make to the sciences.
Becsuse physics concentrates on ultimates -- the ulti-
mate particles of which all matter is built up, the ulti-
m.ate principles that govern their interactions -- all
other sciences rely upon physics for their ovm founda-
42p, James Rutherford, Harvard Proleot Newsletter
of Harvard Project Physics (Spri:a^l96BT, 3*
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tions
. Thus the study of physics is prerequisite tothe serious pursuit of any science. 43
Present Aims of Physics
The current aims of physics are best expressed in
the objectives of two national curriculum revisions in
physics. The earliest of these, the Physical Science Study
Committee (PSSC), undertook to emphasize the process of
science. It sought to introduce a spirit of inquiry in the
teaching of physics. The Committee constructed a definite
set of goals:
(a) to present physics as a unified yet living and ever
changing subject
(b ) to demonstrate the interplay between experiment and
theory in the development of physics
(c) to have the students learn the basic principles and
laws of physics by interrogating nature itself, thus
learning not only the lav;s but also the evidence for
them as well as their limitations
(d) to extend the student’s ability to read critically,
to reason and to distinguish between the essential
and the peripheral, thereby improving his learning
skills in general
(e ) to provide a sound foundation for those students
who plan to study science or engineering at the
college level. 4^
A more recent curriculum revision of physics is the
Harvard Project Physics. It too stresses understandings
rather than factual information, Rutherford, the director.
^3Arthur Reiser, The Science of Physics (Reading,
Mass.: Addis on-V/es ley Publishing Company, Inc., 1961|.), p. 1.
4^1-Uri Haber-Schaim,. "The PSSC Coui’se," Physics Today ,
XX (March, 196?), 26.
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outlines the coals of the Project in the folloHing statement:
"j£srisrs.£4rtsr:s:5.;f.“.:b:-i'
problem-solving approach, the discovery method end *^ofspecial interest here, the inquiry method. In briefwe appear to agree npon the need to teach sciencra^process or method rather than as content. 45
’
The origin of the present goals of physics are an
outgrowth of an idea expressed by the Committee of Ten in
1893 . A subcommittee of the Committee of Ten established by
the National Education Association to investigate the high
school curriculum examined the state of physics, chemistry,
and astronomy. The subcommittee recommended (1) that
physics be taught in the last year of high school so that
the student would have sufficient time to acquire a thorough
knowledge of mathematics; [2) that physics be required for
admission to college; (3) that the teaching method employed
be a combination of laboratory v;ork, textbook, and authori-
tarian instruction; ([}.) that the laboratory work be largely
quantitative; and (5) that the aim of the laboratory should
to make a rediscovery of the lavrs of physics (underlining
mine ), 48 The Committee offered little advice, however, on
how to achieve this objective.
The objectives of the physics course as outlined in
a publication of the National Society for the Study of Edu-
45p. James Rutherford, ”The Role of Inquiry in Sci-
ence Teaching,” Journal of Research in Science Teaching, II
(1964), 80 .
”
46Report of the Committee of Ten of the National Ed -
ucation Association (Nev/ York: American Pook Comoany, l89lj.),
p. 119 .
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cation in its Thirty-first Yearbook reflect the influence
of the Seven Cardinal Principles of Secondary Education.
These objectives indicate that factual knowledge as a goal
of physios teaching was being superseded by those under-
atandings and attitudes involved in making judgments. In
the Thirty-first Yearbook, A Program for Teaching Science
,
three main goals of physics teaching were listed:
I. ^pils in high school physios courses should develop
f
etter understandings^ (underlining mine ) of theabilities to use those fundamental concepts andmajor generalizations of physics that will enablethem to interpret natural phenomena, common appli-
cations to physical principles and industrial ap-plications of physics.
II. ^pils in high school physics classes should learn
to use the process of reflective thinking and prob-(underlining mine) which is best adapted
to the solution of problems v/ithin the field of
physics. This is to be interpreted as 'training
in sc ie nt ific ^ me thods
' insofar as such methods are
used ^ in the field of physics and can be produced
^’ithin the limits of one year’s work within this
field at the senior-high level.
Ill, Pupils in ^ senior-high school physics should develop
those attitudes (underlining mine) towards facts
and principles of physics and towards the methods
of investigation employed in the field which will
serve as guides in their use of physics materials
and methods of problem solving.^*
In essence these obj'ectives of physics teaching may be sum-
marized as the development of understandings, reflective
thinking and problem-solving, and appropriate attitudes. These
same basic aims v/ere propounded by the two curriculum com
4?National Society for the Study of Education, A Pro -
gram for Teaching Scien(3e
,
Thirty-first Yearbook of the Na-
tional Society, Part I TBloomington, Illinois: Public School
Publishing Company, 1932), pp. 250-51*
??.
Tnittees involved in the revision of tho physics course
Failure to Meet the Current Aims of Physics
In the middle »50's several science educators {Kelley,
Mallinson, P. Dow Smithr^) expressed serious concern about
the state of high school physics and its future. Additional
discontent was reflected in the Agenda of the Greenbrier
NRC-AIP Conference on the Productions of Physicists (1956):
1. Failure of high school physics enrollments to keenpace v:ith expanding enrollments in the secondarv
*
school.
2. The fact that in each generation there are more than
enough high ability youth to meet the demands which
'
mighty be made by society for trained scientists and
technicians, but that physics had not been able to
interest the youth in such a career.
3* A critique ^of the teaching objectives in the secondary
schools and the dilution of the school curricailiAm due
to the elective system and inadequately prepared
teachers.
4* The need for nevr and more equipment in the laboratories
of secondary schools,
5. General deterioration of textbooks due to the dilu-
tion of concepts and the addition of numerous ’facts
of science’ in the form of practical applications.^!-^
Stvxdent dissatisfaction with the physics course is
apparent from enrollment figures. The decline in enrollment
in physics courses from 1900 to 1954 is startling:
4®V/. C. Kelley, ”Will Physics Disappear From Our High
Schools?" The Science Counselor
,
XVII (September, 1954
89; George Mallinson, *^he Role of Physics in the Merging
High School Curriculum,"^’ School Science and Mathematics
,
LV
(March, 1955)5 210-16; and P. DoT*r Smith, "A Letter to Physics
Teachers," School Science and Mathemati cs
,
LIV (March, 1954)5
224-32.
49”National Research Council-American Institute of
Physics Conference on Productions of Physicists," Greenbrier
Hotel, ViTiite Sulphur Springs, Virginia, Physics Today , VIII
(June, 1955)5 8.
,show that froTTi a total enrollment reportedin 1900 for the schools studied, 19^ of the high schoolpupils were taking physics, while in 1954 there was a
scant 14., 6% of the high school population enrolled. Thislatter figure included only of graduating classes.
Except for a slight upsurge in enrollment after the PSSC
course was introduced (1958), a further decline occurred.
Recently compiled U. S. Office of Education figures forhigh school physics enrollments in 1964“05 confirm the
long-term trend; far more students than ever before are
taking no physics of any kind, and the percentage of
high-school students in physics courses is at or near
an all-time low. 51
Although PSSC sought to emphasize understanding and
the spirit of inquiry in the physics course, the program was
never intended for every student. The Physical Science Study
Committee designed its program for "the top 25^ of the stu-
dent population who are novj taking high school physics?52
Haber-Schaim relates the effect of this emphasis on enroll-
ments :
. . . . Although mathematical prerequisites vrere kept
to a minimum . . . and vjith the content restricted to
fundamentals, the course presents a considerable chal-
lenge to students and teachers alike. In this context,
the Phvsical Science Studv Committee never considered
it to be its aim to increase the enrollment of students
in high-school physics. ^3
Hurd, in "The Case Against High School Physics,"
^^Samuel Po'wers, "Physical Science in Our Secondary
Schools," American Joiirnal of Physics , XXVII (September,
1959), 420 .
^iHarvard Project Newsletter Ho. 4 of Harvard Project
Physics (Winter, 1966 ), 10 .
^2”physical Science Study Committee -- A Planning
Conference," Physics Today , X (March, 195? )> 28-29.
^3Haber-Schaim, 31 .
forecasts the final results of this decline in enrollment:
. . . it {physic^ is the most
inated from the high school cur
decade as a separate science. ^4
likely subject to be elim-
riculum within the next
Holton shares his concern!
pie v7hole problem of physics
-course enrollments is
nothing short of a national emergency. Out of tv7o and
million high school seniors, more than two
million take no physics; that is, more than take
none. As far as PSSC is concerned, though it is excel-lent for the kind of student it was meant for, still
only about of seniors took this course in 196Ii-65,
according to recently released US Office of Education
figures
.
.
^ . . the decline in physics enrollments is
extending into tne colleges. Clearly if physicists a.re
not to lose contact V7ith society, some way must be found
to overcome this trend. This job is far from donel^p
An examine. t ion of the methods employed in teaching
physics appears necessary so that the important goals of
understanding science and a positive attitude toward science
are realized. Brandwein, who believes that the inquiry
method is the most effective means of achieving the impor-
tant goals of science education, recently reported in his
observations of 1,112 school systems:
. . . In the vast majority of cases (ca. 96-99 percent),
where the laboratory V7as used, in instruction, the lab-
oratory materials V7ere prepared in advance to the end
that a satisfactory conclusion v7ould be reached within
the time limit of the laboratory period. , , . That is
to say, the laboratory ’experiment’ V7as not an ’experi-
ment' at all -- but an exercise. ... in the vast ma-
jority of school systems, ca. 95 percent, not one
experiment . . . V7as_planned or completed by the vast
majoritv of high school students.^oV O
54Paul DeHart Hurd, "The Case Against High School
Physics," School Science and Mathematics , LITI (June, 1953 )>
439.
^^Gerald Holton, "Harvard
XX (March, 196?), 31.
^^Brandv7e in
,
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His conclusion that the inquiry method is rarely used is
significant:
In fewer than 5 percent of the schools was a single
student given the opportunity to experiment in the
sense of the term used here. Inquiry — as the relent-
—
o
f s hyoothe s is in uroof or di^proof
was generally not pract fcTd T" Tunderlining
' The Necessity of Invest igat int? Means for Achieving
the Goals of Physics Ins true tion~ ^
An understanding of science and a positive atti-
tude toward science are among the important aims of science
teaching. Science educators generally agree that problem-
solving is the most effective method for attaining these
goals, Hovrever, little is knovxn about the specific behaviors
of science students engaged in problem solving. Science ed-
ucators have also suggested nivnerous behaviors associated
with problem solving vxhich they theorize are related to
understanding science and a positive attitude toward sci-
ence, It is necessary, therefore, to determine which behav-
iors most effectively promote these important goals of sci-
ence teaching ,
Since the goals of physics have not been achieved,
and since nhvsics is basic to science, it should be the
subject of investigations designed to make it a more mean-
' ingful course. One manner in which it is believed that
significant improvement can be effected is by the identifi-
cation of those behaviors that are related to the goals of
^7ibid.
physics teaching. Then physics can be reinstated
significant subject in the secondary sctiool
as a
curriculum.
We cannot take a single step forward in any inquiry
unless we begin with a sugp;ested explanation or solu-
tion of the difficulty which originated it. Such tenta-
tive explanations are suggested to us by something in the
subject matter and our previous knov/ledge. When they
are formulated as propositions, they are called hypo-
theses. •
•
_ . The function of a hypothesis is to direct
our search for order among facts. The suggestions form-
ulated in the hypothesis may be solutions to the prob-
lem. Whether they are, is the task of the inquiry.
1
P. S. C. Northrop 1948
CHAPTER II
THE PROBLEM
Need for the Present Study
The trend of both general and science education is
away from the attainment of factual knowledge and toward the
acquirement of understandings and attitudes which prepare
the student to make judgments. A consensus of opinion
exists among general and science educators that the prob-
lem-solving experience provides the most effective means of
developing those understandings and attitudes essential for
living in the twentieth century.
However, science educators recognize that the very
means they are advocating demand further clarification and
definition. Certain behaviors have been suggested by sci-
ence educators as characteristic of the problem-solving
technique, but none of the recommended behaviors have been
Tp. S. C. Northrop, The Lo^ic of the Sciences and the
Humanities (New York: The Macmillan Company, T94BT> T1
.
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tested and verified as to their effectiveness in promoting
the important goals of science teaching. Therefore, there
is a need to determine which behaviors associated with the
problem-solving approach are most efficacious in fostering
an understanding of science and a positive attitude toward
science
.
Since the objectives of high school physics instruc-
tion have not been attained, and since physics is considered
a basic science dealing with ultimates, it is a suitable
science subject to study for the relative effectiveness of-
suggested behaviors in achieving the significant goals of
science education.
Statement of the Problem
What scientific behaviors, as exhibited by college
preparatory physics students in selected high school classes,
are related to an understanding of science and a positive
attitude toward science?
Purpose of the Study
The purposes of this study were: (1) to identify and
state those behaviors which, in the opinion of various sci-
entists and science educators as expressed in their written
statements, might foster an understanding of science and a
positive attitude toward science; and (2) to determine which
scientific behaviors as exhibited by students in selected high
school physics classes are related to an understanding of
science and a positive attitude tox'/ard science.
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Hypotheses
Null hypothesis A -- No significant difference in
understanding of science as measured by Test on Understand -
ing Science^ (part III -- methods and aims of science) exists
between students practicing behaviors 1, 2, . . . l8 and
students not practicing them.
Null hypothesis B -- No significant difference in
understanding of science as measiu?ed by Test on Understand -
ing Science (total score) exists between students practicing
behaviors 1, 2, . . . l8 and students not practicing them.
Null hypothesis C — No significant difference in an
attitude toward science as measured by Vitrogan’s Attitude
Scale3 exists between students practicing behaviors 1, 2, . . .
l8 and students not practicing them.
Behaviors Hypothesized to Relate to an Understanding of Science
and a Positive Attitude Toward Science
The following behaviors resulted from a systematic
survey of the literature^ of science educators.
(1) The student contributes to the procedure for
solving a laboratory problem.
(2) The student constructs graphs and interprets them.
^William W. Cooley and Leo E. Klopfer, Test on Un_der -
standing Science . Cambridge, Massachusetts; Harvard
Univer-
sity Press
,
19^1
.
3David Vitrogan, ’’Characteristics of a Generalized
Attitude Toward Science,” School Science_and lia thematic^,
LXIX (February, 1969), 1^0
4see Appendix IV
.
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(3) The student obtains, analyzes and interprets
data.
(I4.) The student designs equipment.
<D student establishes the limitations of the
experimental conclusions.
( 6 ) The student uses unassigned reference material
(excluding textbook).
(7) The student develops ways of testing his proposed
conclusions
.
( 8 ) The student constructs conceptual models.
(9) The student criticizes his results.
(10) The student relates principles from one subject
area to another.
(11) The student selects the mathematical operations
to be performed on quantitative information.
(12) The student WTrites an essay report.
( 13 ) The student observes and records accurately.
dU) The student realizes the limitations of the
instrument he is using.
( 15 ) The student re-evaluates his ideas and opinions.
(16) The student suspends final judgment on experi-
mental outcomes until the data has been analyzed.
( 17 ) The student proposes additional problems as a
result of laboratory activities.
( 18 ) The students work on different problems at the
same time.
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Limitations of the Study
Any conclusions that can be drawn from the findings
of this study are necessarily limited by the following:
1. The relatively small number of classes and the
small population of each class. Ten classes participated
in this study; the population of the classes ranged from 8
to 22.
2. The selection of high school classes observed
during the school year 1963-69. In so far as possible, the
investigator selected classes that either exhibited a major-
ity of the behaviors or exhibited few.
3. The assumption that the instrument ( Test on
Understanding Science ) does measure an understanding of
science
.
4 . The assumption that the instrument ( VI trogan '
s
Attitude Scale ) does measui’e an attitude toward science.
5 . The assumption that an environment conducive to
the hypothesized behaviors will produce a greater incidence
of high test scores.
6. The assmption that the behaviors observed were
representative of a class’ performance in all aspects of
the physics course tliroughout the year.
7 . The ability and objectivity of the two raters.
5
^Mark Waltz, an associate, who conducted a parallel
study in chemistry, cooperated in surveying the literature,
identifying the behaviors, and observing and rating class
performances
.
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Definition of Terms
altitude — For the purpose of this study, attitude
is described as
mental and neural state of readiness, organized through
experience, exerting a directive or dynamic influence
upon the individual’s response to all objects and situa-
tions vjith^which it is related.
. . Attitudes regu-
late behavior that is directed tov;ard or away from some
object or situation or group of objects or situations.
Attitudes have emotional content and vary in intensity
and generality according to the range of objects or
situations over which they apply. For the most part,
attitudes are learned and are difficult to distinguish
from such affective attributes of personality as inter-
ests, appreciations, likes, dislikes, opinions, values,
ideals, and character traits.
7
behavioral objectives — For the purpose of this
study, a goal for, or a desired outcome of, learning which
is expressed in terms of observable behavior or performance
of the learner.®
a positive attitude toward science -- For the pur-
pose of this study, a positive attitude toward science is
characterized by:
... an ability to differentiate between controlled and
reliable observation as opposed to casual observation . . .
a basic notion that reality is to be regarded as a process
implying continuous change; . . . structure in the form
of relations and equations will be stressed over function;
. .
.
greater concern for research rather than findings;
greater emphasis on the inquiring, the questioning rather
^Gordon Allport, "Attitudes," Handbook of Social Psy -
chology (Worcester, Massachusetts: Clark University Press,
806 .
TRichard E. Haney, "The Development of Scientific Atti-
tudes," The Science Teacher , XXXI (December, 196!|), 34.
®Earl J. Montague and John J. Koran, Jr., "Behavioral
Objectives and Instructional Design," The Science Teacher ,
XXXVI (March, 1969), 10.
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than the final answers obtained; ... .9
£Ppcess
_
of
_
1nqui^ — For the purpose of this study,
synonyms include scientific method, scientific methods,
problem solving, problem doing, discovery, inquiry, process-
es of the scientist, processes of science, strategies for
inquiry, strategies for problem solving, the "methods of
intelligence . "10
scientific attitude -- For the purpose of this study,
to exhibit a scientific attitude "one has such attitudes as
curiosity, rationality, suspended judgment, open-mindedness,
critical-mindedness
,
objectivity, honesty, and humility . "H
A person may exhibit a scientific attitude towards any ob-
ject or situation (like racism). It does not necessarily
need to be found in the field of science.
understanding science -- For the purpose of this
study, understanding of science is limited to understandings
of the scientific enterprise, including such themes as the
human element in science, communication among scientists,
scientific societies, ins trimients
,
money, international.char-
acter of science, and the interaction of science and society;
understandings of the scientists, including such themes as
institutional pressures on scientists, abilities needed by
scientists, and generalizations about science; and under-
^Vitrogan, l5l*
lOpaul F. Brandwein, "Observations on Teaching: Over-
load, and ’The Methods of Intelligence,’" The Science Teacher ,
XXVI (February, 1969), 38. ‘
^^Haney, 33.
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standings of the methods and aims of science, including such
themes as generalities about scientific methods, tactics and
strategy of sciencing, theories and models, aims of science,
accumulation and falsification, controversies in science,
science and technology, and unity and interdependence of the
sciences , ^2
^^Cooley and Klopfer, pp. 3-4*
For indeed it is one of the lessons of the history of
science that each age steps on the shoulders of the
ages v^hich have gone before. The value of each age
is not its ovm, but is in part, in large part, a debt
to its forerunners.^
Sir Michael Foster, 1901
The first process therefore in the effectual study of
science must be one of simplification and reduction of
results of previous investigation to a form in v;hich
the mind can grasp them,-
James Clark Maxvrell, 1855
CE^PTER III
REVIEVf OF RELATED STUDIES
An understanding of science and a positive atti-
tude tovfard science are among the important objectives of
science teaching. Science educators generally agree that
problem-solving is the most effective method for attaining
these goals, Hovrever, although the effectiveness of a teach-
ing method is manifested in a student’s behavior, feu studies
on problem-solving have been conducted to determine which
student behaviors are related to an understanding of science
end a nositive attitude toward science. Therefore, the re-
viev7 of related literature foc\ises on those studies designed
to investigate an understanding of science, a favora.bIe atti-
tude tovrard science, and problem-solving as a science teach-
Isir Michael Foster, 1901,
quoted in Scientific AmericanT^ (Tune, 19597, 2.
^James Clark Maxwell, quoted in Phillipp Frank,
Philosophy of Science (Englewood Cliffs, N.J.: Prentice-
35 .
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ing method.
Trent in 1965 attempted to compare the relative
effectiveness of the traditional high school physics cur-
riculi^n and the curriculum developed by the Physical Sci-
ence Study Committee (PSSC) in attaining the objective
understanding of science,” The term, understanding of
science, as used by Trent in his study, referred to "the
development of science and the scientific enterprise, the
structure and methods of science, and science as a product
of hum.an intelligence ”3 as measured by the Test on Under -
standing Science
.
Tvrenty-six schools were selected from forty-one
available PSSC schools in California, The term ”PSSC
course" referred to a physics course in v:hich the textbook
and associated materials prepared by the Physical Science
Study Committee , vre re employed. The criteria for the twen-
ty-six traditional schools selected for the study included:
(1) a physics course taught in the junior or senior years;
(2) a physics course v^hich was a college preparatory science
course; and (3) a course in which the PSSC textbook was not
used. Experimental mortality, prior achievement of science,
and scholastic aptitude were controlled. Uniformity in test-
ing ‘orocedures was not ensured, since local teachers adm.in-
istered the tests.
3John Henry Trent, "The Attainment of the Concept
‘Understanding Science’ Using Contrasting Physics Courses"
(Ann Arbor, Michigan: University Microfilms, 1965).
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Acco,vdin3 to tho ronultn of Trout's study, the tr?-
ditionol and P3SC groups exhibitor] no sicnificant difference
in understanding science. It \ie.a suggested that more re-
search designed to develop points of viev; and attitudes de-
sirable for teacher and student bo conducted. In addition,
it vras recommended that tho characteristics of those Claeses
that performed well on understanding of science be Invocti-
gated
.
Also in 1965i Crumbj In a study similar to Trent’s,
sought to determine If there vms a significant difference
in understanding science hetvreen students who had studied
PSSC physics and those vzho had studied traditional physios.
Crumb also attempted to "invostigato the methods used by
those teachers whose classes shov; a. maximum mean gain in
understanding science. ”4 The P3S0 covirse referred to one
organized around the P3SC textbook and curriculum materials;
the traditional course vras defined as one not utilizing the
PSSC materials. Teacher background was investigated to de-
termine vrhethor the teachers of both groups had been PSSC
trained.* The study population consisted of 1?75 physics
students from twenty-nine rural end urban high schools in
four central states. Because of tho possibility of mental
ability and student’s prior science background influencing
their achievement in understanding science, these factors
4Glenn K, CriJiib, "A Studv of Understanding Science
Developed in High School Physics'^' (Ann Arbor, Michigan:
University Microfilms, 1965 ).
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vere the dependent variables in analysis of covariance.
In contrast to Trent's study, Crmb's analysis of
data provided evidence that a significant difference in
understanding science existed between those students in
PSSC p>hysics and those in tradJLtional courses. The dif-
ference favored those v;ho studied PSSC physics. Moreover,
the results indicated that the PSSC course inay have greater
impact over a short period of one semester than does the
traditional physics course. To achieve the second purpose
of the study, a questionnaire was directed by Crumb toward
teacher practices in the laboratory. According to the re-
sults of the questionnaire, the greatest difference between
the traditional and PSSC teachers was the extent of student
participation they encoui'*aged
.
In 1935 Moll, by incorporating the points of viev; of
scientists and philosophers, attempted to construct an in-
strument to measure scientific attitude. Scientific atti-
tude \'ja.s concluded by Noll to consist of the follovring
’’habits of thinking”: (1) accuracyj (2) intellectual honesty
(3) openmindedness; (4.) suspended judgment; (5) looking for
cause and effect relationships; and (6) criticalness , includ
ing self-criticism. Using these six habits as a basis, a
large number of test questions ’A^ere devised that seemed to
present situations which provided opportimities for the
exercise of the habits. In trial forms of the test an at-
tempt was made to eliminate all v/ords not common to the
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vocabulary of seventh grade pupils. Noll considered his
work tentative and recommended further experimental work
on scientific attitude.
In 1950 Boeck endeavored to compare the inductive
laboratory with the deductive-descriptive laboratory. The
following areas were investigated: (1) knoi-rledge of basic
facts and principles of chemistry, (2) ability to apply
these principles in new situations, (3) knov;ledge of and
ability to use the scientific method, vrith an accompanying
scientific attitude, and (4) the development of basic lab-
oratory skills and resourcefiilness
.
A chemistry class at the University of Minnesota
Eigh School vms compared vrith eight classes, one at the
High School, the other seven in the surrounding area. In
the experimental group the students, with the aid of their
instructor, selected the experjments and planned the pro-
cedure, As a result, according to Boeck, the r^roblems vrere
of real interest to the students. The students vrere encour-
aged to recognize the assumptions inherent in the laboratory
procedui’e. After the laboratory investigation, the students
discussed the generalizations together. In contrast, the
deductive approach group performed the laboratory experi-
ments from a laboratory manual after they had discussed the
principles, Boeck believed that the students' utilization
of the methods of science and the inculcation of scientific-
behavior vrere as important a-s, facts and principles. There-
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fore, written tests were constructed to measure attainment
of application of principles, application of scientific
method as well as knowledge of facts and principles. All
three were given as pre-tests and post-tests.
'According to the results of the study, the experi-
mental (inductive) group did as well as or better than the
control group in knowledge of facts and principles and per-
formance of laboratory techniques, but was significantly
superior in knowledge of an ability to use the scientific
method, with an accompanying scientific attitude. Another
outcome in favor of the inductive laboratory class was the
ability to apply principles to new situations. Boeck did
not determine exactly which behaviors the inductive labora-
tory group exhibited.
In a study in 1965 Coulter sought to evaluate the
effectiveness of inductive laboratory, inductive demonstra-
tion, and deductive laboratory in teaching for scientific
attitude. Inductive laboratory was defined as a laboratory
in which students developed their own experimental design
to solve problems that arose in class discussion or were
suggested by their teacher. The inductive demonstration
method was identical to the inductive laboratory with the
exception that after the experiment was designed by the
students, it was demonstrated by the teacher. The deductive
laboratory was defined as one in which the activity was or-
ganized to check or substantiate the previously discussed
41 .
principles or generalizations.
Scientific attitude, as measured by Coulter's
Scientific Attitude Test, was define as: (1) ability to
. select valid hypotheses, (2) ability to identify the fixed
or insignificant factors or variables, (3) ability to iden-
_
tify the necessary but yet unstated assumptions, (4 ) ability
to select the reasonable course of action, and (5) ability
to recognize valid conclusions. Seventy-five ninth grade
biology students at the University of Minnesota High School
were randomly assigned to three treatment groups. A complete
log of classroom activities vjas compiled.
The inductive laboratory group and inductive demon-
stration group both had significantly higher mean scores in
attitude toward science than the deductive laboratory treat-
ment section. It was concluded that using either of the
inductive treatments resulted in significant increases in
scientific attitude.
Mahan in 1963 attempted to determine the effect of
problem-solving and lecture -discuss ion methods on the at-
tainment of an understanding of science, problem-solving
skills, attitudes, interest, and personal adjustment in ninth
grade general science. The Sequential Test of Educational
Progress was used to measure problem solving skills and the
Allen Inventory of Attitudes Toviard Science and Scientific
Careers was employed to measure gro'wth in scientific atti-
tude .
4?.
Tho problem-solving method was concluded to facil-
itate greater growth 5n science knowledge, problem-solving
skills, and science interests. There was also some evidence
to indicate that the problem-solving method fosters greater
total personal adjustment and more desirable attitudes tovmrd
school
,
In a study in 1966 Sorenson sought to analyze the
change in critical thinking skills between students in
labora tory-centered and lecture -dem'^ns tratl on-cent ered
patterns of instruction in high school biology. Pour high
schools 5n Salt Lake City v^ere randomly selected for the
study.. Student evaluations included: The Cornell Test of
Critical Thinking-, the VJatson-Claser Critical Thinking An-
^mmmm ik • • im m •
,
---
,
—
,
-
, _f*-
praisal
,
Rokeach’s Do.qmatism Scale
,
and the Test on Under -
standing Science
.
According to the results of the Test on Understand -
ing Science
,
the laboratory-centered group had significant-
ly greater gainvS than the le cture -demons trat ion group. High
ability students and low ability students changed about the
same in understanding science. In addition, the laboratory-
centered teaching method produced significant desirable
changes in dogmatism.
Lahti in 1956 endeavored to determine the effective-
ness of the laboratory in developing the students’ ability to
use the scientific method. All students had the same lecture,
but four laboratory approaches were used: the inductive-
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deductive (also defined as problem-solving by I<ahti); the
historical, the theme, and the standard "get the right
ansvrer method. Three experimental lesson units v:ere de-
signed for 338 college physical science students. The first
unit consisted of laboratory experiments which vjould reflect
the "meanings" in the scientific method. The second was
designed to ens\.u?e that the students used the scientific
method. The third evaluated the effectiveness of the teach-
ing methods by testing the following hypotheses: (1) Individ-
ual laboratory work does not lead to greater resourcefulness
in (a) solving new problems, (b) designing experim.ents
,
(c)
interpreting results of experim.ents; (d) utilizing facts and
principles; and (2) The hoirr of the day at which the session
met v/as not important.
There appeared to be no significant differences be-
tween the fom’' groups. Hov^ever, the group using the first
approach (problem solving) scored highest on tests for the
three experimental lessons. This result vjould seem to war-
rant further investigation with different criteria to deter-
mine if this difference was caused by other variables.
In 1938 Burnett soi^ght to contrast a problem-solving
approach with a recitation technique. Sixty-two high school
biology students participated in the study. The problem-
solving approach appeared to be 7 per cent more effective in
increasing the ability to think scientifically, in the recall
of facts, and in the development of the scientific attitude.
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Included in the purposes of Perlman’s study in I953
was an attempt to determine v/hether consciously teaching for
scientific attitudes and abilities would result in signifi-
cant gams toward these objectives. College physical science
laboratory experiments were taught by a contemporary problem-
solving method or a historical problem-solving method. Perl-
man believed that the justification for the laboratory lay
in the fact that students could actively participate in the
inquiry process. Therefore, primary emphasis in testing
was placed upon a vjritten and a performance test of scienti-
fic problem-solving.
The contemporary problem-solving group exhibited
a significant increase in the ability to "think scientifi-
cally," whereas the historical problem-solving group did
not show a significant increase. It was concluded that
students increase their ability to think scientifically as
they become involved in immediate problems of science in
various areas of life .
Balcziak in 1953 attempted to compare three methods
(individual laboratory, demonstration, and a combination of
these two) of teaching college physical science. Six sec-
tions v;ere tested for the follovring attributes of scientific
attitude: openmindedness, cause and effect, application of
scientific m.ethod, and suspended judgment.
Results of the study indicated that the three methods
of laboratory instruction had no significant effect on the
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scientific attitude scores. Since the teaching methods
were not explicitly defined, the demonstration method could
have been carried out inductively, th\us producing the same
restilts as the laboratory method.
O'Connell in a study in 1961 sought to compare
inductive and deductive methods of teaching high school
chemistry. Phase I was designed to measure achievement;
the understanding of chemical-equation balancing vjas inves-
tigated in phase IT. The deductive method v;as defined as
the descriptive traditional type of chemistry course, uti-
lising laboratory manuals. The inductive method, was iden-
tified as that type of chemistry instriiction in which, the
laws and theories were to be ’'discovered’’ by the student.
In phase I, students, matched by their intelligence,
were administered The Anders en Chemistry Test and the Coop -
erative Chemistry Test . The results of testing indicated
that the inductive laboratory group attained higher scores
on both CvChievemont tests. In phase II, the evaluative in-
strument employed, the Symb o 1 i c Unit Test
,
vras a locally-
developed test utilising diagrams and verbal statemients.
The inductively-tatight group also achieved higher scores in
chemical -equ.ation balancing
.
Kruglak conducted a nimiber of studies during the
195^ ’s in an attempt to investigate the vjorth of the lab-
oratory. In a study in 19p2 he undertook to contrast tv:o
methods of teaching a non-technical physics course. Stu-
dents wore randomly assigned to a manual -report type of
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laboratory or to a demonstration group. A theory teat,
a written laboratory test, and two practical laboratory
tests vjere the evaluative instruments.
It vras concluded that the manual
-re port method was
more effective than the demonstration method for teaching
techniques and use of apparatus. Neither method v;as super-
ior for the more complex laboratory problems. According to
the resul-ts of the study, it would seem that the demonstra-
tion 8-pproach is as satisfactory as the conventional laboi*a
tory in teaching for understanding of elementary physical
principles.
Cooley and Bassett in a study in 1954 endeavored
to construct cn instrument to measxire understanding science,
Th.e instrument devised considered such aspects of under-
standing science as the im.age of science and scientists;
understandings of the distinctions betvreen science and tech-
nology; and an awareness of the nature of the scientific
process. The test v/as adm.inis tered to talented secondary
school students who had worked with scientists in a ton-week
siJtmmer program at Thayer Academy, Braintree, Massachusetts.
The significant conclusion of the study indicated that a test
could be designed which effectively measured a gain In a stu-
dent’s understanding of science and the scientist.
In 1935 Baimiel and Berger sought to investigate the
relationship between scientific attitude and science scores.
They constructed an instrument designed ”to keep v;ithin the
range of student experience, avoid the expected-response
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type of question, and eliminate the need for a complicated
response on the part of the student."^ The test was admin-
istered to ninth grade general science students at the end
of the school year. The results showed no relationship be-
tween high scores in science and scientific attitude.
Other investigators, including Davis (1935), Hoff
( 193 ^ )j 5,nd Wessel (1944) have also contributed to the field
of scientific attitude.
s
Summary
The conflicting results of Trent and Crumb’s studies
suggest that the proper variables may not have been identi-
fied in at least one of these studies. PSSC physics should
have been defined more explicitly than a course employing the
PSSC textbook, since there is considerable evidence that
every PSSC physics teacher may not be in agreement vjith the
philosophy and aims of the PSSC Committee. Moreover, it is
possible for a teacher to put into practice the inquiry ap-
proach outlined by the PSSC Coimnittee without using their
textbook. Within Trent and Crumb’s definitions of a tra-
ditional class, the possibility also exists that a tradition-
al class could, exhibit behavior identical to the aims and
processes of PSSC physics. A valid way to determine whether
the processes and methods of PSSC are being utilised is to
observe the students in the classroom.
^Howard B. Ba\3.Triel and J. Joel Berger, ”An Attempt
to Measure Scientific Attitudes,” Science Education , XLIX
(April, 1965 } j P68.
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Studios doaling vrith tho inductive
-deductive methods
also showed conflicting results. Again, this disagreement
may indicate that in
,
some studies, the proper variables vrere
not isolated. Fev: of the reports completely identified the
teaching methods. However, a majority of the reports con-
trasting the inductive -deductive m.ethods favored the inquiry
approach.
A teaching method may be clearly defined by carefully
V
describing the resulting student behavior. Then, investi- .
gation designed to identify specific behaviors vrhich promote
an understanding of science and an attitude toward science
could be conducted.
I shall begin by making some experiments before Iproceed any further; for it is my intention first to
consult experience and then show by reasoning vjhy that
experience vias bound to turn out as it did. ^This, infact, is the true rule by which the student of natural
effects must proceed although nature starts from reas-
on and ends with experience, it is necesssry for us toproceed the other vmy around, that is -- as I said above
— begin with experience and with its help seek the
reason
.
Leonardo da Vinci 1^00
CHAPTER IV
DESIGN OP THE STUDY
Introduction
An understanding of science and a positive atti-
tude toward science a,re among the important aims of science
teaching. Science educators generally agree that problem-
solving is the most effective method for attaining these
goals. The results of a teaching method are manifested
in a student’s behavior. Science educators have suggested
numerous behaviors associated with problem-solving which
they theorize are related to an understanding of science and
a positive attitude toward science.
Previous studies designed to determine the effec-
tiveness of problem-solving usually did not include an
adequate description of the teaching methods. Since a
^Leonardo da Vinci, Notebooks , circa 1500, quoted in
Scientific American, CXCIX (October ,”1958 ) > b*
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variety of behaviors are related to problem-solving, the
need for a more explicit description other than the simple
inductive
-deductive or laboratory-demonstration dichotomy
is evident.
Therefore, it would be of val\ie to exam5ne the
literature of well-known scientists and science educators in
an attempt to ascertain what behavioral patterns they hypo-
thesize to be associated v/ith an understanding of science and
a positive attitude tov/ard science. Then, classes exhibiting
these behaviors could be st’idied to determine v:hether the
hypothesized behaviors do in fact promote an understanding
of science and a positive attitude toward science.
The Development of the Criteria
The vrritings of prominent scientists and science
educators since 1900 v;ere systematically surveyed for
statements suggesting behaviors relating to an understand-
ing of science and an attitude toward science. Initially
there appeared 82 such statements, obtained from approx-
imately 200 articles and books. After duplications vrere
omitted, the list was reduced to 42 behaviors practiced by
both teachers and students. Those statements suggesting
student behaviors were rephrased into behavioral terms, ac-
cording to the suggestions of Kurtz, A.ndersen, and others.-
^Edwin B. Kurtz, Jr., "Help Stamp Out Non-Behavioral
Objectives," The Scienc e Teacher ,^ XXXII (January, 1965), 5
and Hans 0, Andersen, ^'Preparing Performance Objectives,"
Readings in Science Educat ion for the Secondary School (New
York: The Macmillan Oompany, 1969)7 P*
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Through combinations, and the elimination of those behaviors
difficult to observe, a list of 19 overt behaviors was devised.
The list of behaviors was analyzed in actual classroom
situations to assure that they were readily observable. By this
procedure, one item was omitted, and three others were modified.
As a result the final list consisted of 18 behaviors theorized
by scientists and science educators to promote an understanding
of science and a positive attitude toward science.
An evaluative instruiTient vjas developed from the list
of behaviors. Two samples from the evalimtive instrument are:
(See Appendix I for the complete list of behaviors.)
2) The student constructs graphs and interprets them.
6) The student uses unassigned reference material (ex-
cluding textbook).
Note was taken during class observation of the number
of students performing or not performing each behavior or whe-
ther the behavior applied to the laboratory problem. When all
the classes had been observed, a percentage point was selected
to establish a dichotomy for each scientific behavior, for all
the students in a class would not exhibit the same scientific
behaviors. Since it is difficult to make a distinction within
a few percentage points, either 25^^ 50^, or 75^ were used to
determine whether a behavior was checked as "yes" (it was prac-
ticed by the students) or ”no” (it was not practiced by the
students )
.
Description of the Subjects and Their Select ion_
Since it is a recognized statistical procedure to
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operate with the ends of a continuum, the investigator
selected classes that either exhibited a majority of the
behaviors, or exhibited few. Recommendations from a sci-
ence educator and secondary science teachers formed the
basis for contacting the schools and teachers.
The schools chosen for the study cooperated in the
T^^ys
.
(l) The teacher consented to the observation
of physics classes by the investigator and an associate; ( 2 )
The teacher permitted the administration of TOUS and VAS dur-
ing physics class time; (3) The teacher discussed such infor-
mation as the nature of the classroom activities (i.e., the
teaching method employed) and the textbook used; and (I4.) The
principal and, in some cases, the superintendent gave approval
to the classes’ participation in the study.
Among the fourteen administrators of the schools in-
vited to participate in this study, two declined by reason of
inexperienced physics teachers; one refused because of school
committee policy; and one withdrew because of serious teacher
illness. As a result, 10 classes were utilized in the study.
If a school offered multiple sections of physics, an average
ability group was selected.
Physics is usually a twelfth grade subject in the
geographical area of this study. Seven classes in Massachu-
setts and three in New Hampshire were studied. In the classes
selected, approximately 80^ of the students were in the twelfth
grade, and less than 10^ of each class were girls.
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Description of the Instrments
Te_s_t on Understanding; Science ( TOPS ) . — A close
relationship exists between Hurd’s definition of understand-
ing science as listed in the Fifty-ninth Yearbook of the
National Society for the Study of Education and the questions
included in Cooley and Klopfer's TOTJS . Therefore, for physics
classes, TOXJS V7as the most suitable instrviment known by the
investigator for measuring an understanding of science, TOUS
was relatively simple to administer and could be completed by
the student vrithin a conventional forty-five — fifty-minute
period. These two requirements were essential if the coopera-
tion of school administrators and teachers was to be enlisted
so that the test could be administered during class time.
TOTJS was designed to measure three components vrhich,
according to Cooley and Klopfer, constitute an understanding
of science.- The instrument is sub-divided into three areas:
understandings about the scientific enterprise (18 ques-
tions); understandings about scientists (18 questions); and
understandings about the methods and aims of science ( 24-
questions). The authors systematically defined each of the
three areas as f ollovrs
:
Area I -- The Scientific Enterprise
Theme 1. Human element in science.
2. Communication among scientists.
3. Scientific societies,
4 . Instrvimsnts
.
5 . Money.
6. International character of science.
7. Interaction of science and society.
Area II — The Scientist.
Theme I. Generalizations about scientists as people.
2. Institutional pressures on scientists.
Abilities needed by scientists.
Area III -- Methods and Aims of Science.
Theme 1. Generalities about scientific methods.
2. Tactics and strategy of sciencing.
3. Theories and mode Is
i|. Aims of science.
5. Accumulation and falsification.
6. Controversies in science.
7. Science and technology.
8. Unity and interdependence of the
sciences .3
Form VJ of the test consists of sixty questions v;ith
four alternative answers of a multiple choice design. Sug-
gested vrorking time is forty minutes. The test questions
and the directions are included in booklet form with stu-
dent response being made on a separate, special form IBM
ansv/er sheet.
Scoring is done by determining the number of correct
student responses. A student’s understanding of the methods
and aims of science may affect his behavior more tlian his
understanding of the scientific enterprise and the scientist.
Therefore, for the purposes of this study subscores for
Area III as vjell as the total scores were determined.
Total possible score is 60. Prom the manual,^'- mean
scores are given from a. nationviide sample of 3^09 students
3william W. Cooley and Leo E. Kloofer, Test on
Understanding Science (Cambridge, Massachusetts; Harvard
University Press
,
1961 ) , pp . 3 ”4
•
4lbid.
,
p. 12.
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tested in October, I960; mean score for grade eleven is
31.57; for grade tvrelve, 32.25. According to a study by
Schmidt (1966), 5 the mean scores of 115 scientists in
Iowa was 50.8,
"Reliability was determined by applying the Kuder-
Richardson Formula 20 for Form X test data from 2535 stu-
dents."^ The results of that analysis showed the total
reliability to be ,76. The reliability is applicable to
Form W as \-7ell since, except for minor improveriBnts
,
it is
the same as Form X.
An indication of external validity is discussed in
the manual.
TOUS vjas administered twice, once at the beginning of
July and again at the end of August, I960 to 78 talented
high school students in tvjo summer programs. In both
these programs, the students vrere in active contact vrith
v;orking scientists. The observed significant changes
in their responses to items on TOUS tov/ard the desired
'correct* responses at the end of their summer science
experience gives some indication of the validity of the
test. A similar group of students who vrere not par-
ticipating in such special summer science programs did
not tend to move tovrard the correct responses. 7
Attitude Tovrard Science Scale. -- Since scientific
attitude is a way of responding to any situation, a narrower
field, attitude toward science, was selected by Vitrogan in
his study of attitude. Vitrogan 's Attitude Toward Science,
Scale (VAS ) is the only instrument which measures this
5Donald J, Schmidt, "Test on Understanding_Scj^e_Tjce
;
A Comparison Among Several Groups, Journal of Re3earch__in
Science Teaching , V (1967-68), 365*
^Cooley and Klopfer, p. 10,
7lbid.
,
pp. 6-7.
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attribute
.
In tbe construction of* this instrument Vitrogan re-
viewed the contributions to scientific thought of such
philosophers as John Dewey, Karl Pearson, V/endell Johnson,
Morris R. Cohen, Ernest Nagel, Bertrand Russell, Fritz Kahn,
J. J. Schwab, and Lawrence K. Prank. The writings of such
scientists 'as James B. Conant, J. Bronowski, Henri Poincare,
Harlov; Shapley, A, S. Eddington, PI. Reichenbach, R. E. Peirls,
Douglas Johnson, V/, I. B. Beveridge, Charles Slichter, and
W. B. Cannon were surveyed by Vitrogan for comments on atti-
tude toward science.
From his research Vitrogan developed the following
hypo the s e s :
®
A positive generalized attitude toward science is
characterized by:
(1) a predisposition to discern the degree in v/hich
one person or thing differs from another; a ten-
dency to emphasize differences
(2) a tendency to challenge authority, to test tra-
ditional beliefs and customs with actual obser-
vation and experience
(3) a readiness to change as changing conditions
require; a multiple and flexible approach to
people and things
(Lj.) an ability to differentiate between controlled
and reliable observation as opposed to casual
observation
(5 ) a basic notion that reality is to be regarded
as a process implying continuous change; no two
things are exactly alike, no one thing stays
the s ame
(6) structure in the form of relations and equations
will be stressed over function; structure, the
natirce of the phenomenon, tPie broad unifying
principle is stressed rather than application
^David Vitrogan, "Characteristics of a Generalized
Attitude Tov;ard Science," School Science and Mathematics,
LXIX (February, 1969), I5l*
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(detail) in function
(7 ) greater concern for research rather than find-
ings; greater emphasis on the inquiring, the
questioning rather than the final answers ob-
tained; the form of the question is considered
more important than the ansv;er observed
(0) an emphasis on probability type explanations
rather than absolute solutions.
A non-positive generalized attitude toward science is
characterized by:
(1) a tendency to emphasize similarities and over-
look and minimize differences; a predisposition
to expect different things to be the same
(2) a predisposition to accept authority and sut^-
gestion
(3) a tendency to maintain established beliefs re-
gardless of changing conditions; a singular and
rigid approach to people and things
(4) an inability to distinguish between casual
and controlled observation
(5) a static orientation where reality is viewed
as having an unchanging character, a stability
and constancy
(6) emphasis of the relations in the form of equa-
tions, experimental design and logic are mini-
mized; function utility and application are
stressed
( 7 ) a preference for final answers obtained from
basic questions minimizing the methods used in
inquiring; the answer is considered more im-
portant than the way in which the questions are
asked
(8) an acceptance of absolute solutions.
In an attempt to verify these eight hypotheses, a question-
naire was devised and administered to two groups of students.
The two student groups in the 13-15 group were selected
on the basis of four criteria:
One group . . . demonstrated a high motivational
involvement with objects and ideas generally associated
with science, possessed a high degree of educational
development in science, obtained high achievement in
science courses in secondary school, and had a high
interest in science.
9
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The other group had the opposite characteristics. As a
result of the questionnaire four of the hypothetical cri-
teria of a generalized attitude toward science (hypotheses
4 j 5, 6, and 7) were substantiated. Vitrogan developed a
40-item scale, which reflected these four hypotheses, and
which was expressed in the language used by students.
Vitrogan then administered the attitude scale to
two other groups selected on the same basis as the original
groups. Prom their response the null hypothesis ("No dif-
ference between the scores of the groups") was rejected at
the 0.01 level of significance. Internal consistency was
determined by means of item analysis.
Using the Spearman
-Brown formula and the split-
half method, the reliability of the attitude scale was
estimated to be 0.88. Vitrogan discusses the correlations'
between his attitude scale and other measures of students
'
performance in the following:
Low positive but statistically significant correlations
were found between the attitude scale and educational
development in science, the attitude scale and motiva-
tional involvement v;ith science, and the attitude scale
and achievement in science courses. The attitude scale
was found to have practically a zero correlation coef-
ficient with the Kuder Preference Record v/hich was used
as a criterion measure for identifying interest in
science
"No significant correlations were found betv/een critical
thinking instruments (a highly cognitive instrument) . . .
and the Vitrogan Scale. "TT
lOlbid
. ,
158.
^Personal Correspondence.
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The consists of forty statements, tv/enty pos-
itive, and twenty negative. This investigator arranged
the order of the statements by suing a table of random
numbers. In the VAS one idea is expressed in several dif-
ferent ways, as illustrated by the following two statements:
7. The major discoveries in the world were the result
of careful observations,
12. Most discoveries could not have been made except
by a lucky accident.
The students were instructed to rate the statements
in the VAS either plus 1, 2, or 3, or negative 1, 2, or 3,
The numbers indicate the degree of support (1 — slight,
2 -- moderate, 3 strong), and the signs indicate support
( + ) or disagreement (-)_. This scaling provides for a test
range of -120 to +120,
Two scoring stencils were constructed, one for the
positive statements, the other for the negative statements
,
To determine a student’s score, the sign of the negative
answers was changed; then the negative score was added to
the positive score
,
Research Procedures and Design
From January to May, 1969 ^ the investigator and an
assoc iate^2 evaluated student behavior using the list of l8
behaviors. The raters observed laboratories a minimum of
120 minutes and a maximum of 200 minutes; additional time
l^Mark Waltz, who conducted a parallel study^ in ^chem-
istry, cooperated in surveying the literature, identifying
the behaviors, and observing and rating class performances.
60 .
was spent in classroom observation. Notes were taken on
student behavior during and at the end of each session. The
observers compared their notes before indicating which be-
haviors had been practiced in each class. Disagreement be-
tween the raters on student behaviors was resolved by fur-
ther observation. Thus, the final criteria evaluation rep-
resents a composite appraisal of the two raters.
The TOUS and VAS were administered during March
and April, 1969. To ensure adherence to a pre-arranged
format for test administration, all tests were given under
the supervision of, either the investigator or his associate.
Each student was supplied with a test booklet and a pencil
to record his responses on the answer sheet enclosed in the
test booklet. The examiners read aloud to the students the
specific directions for the tests and showed the students how
to respond to the sample question on the test booklet. The
students were allowed exactly forty minutes uninterrupted
working time for the TOUS . There was no time limitation for
the VAS .
Student motivation could have been a factor in test
results. If the students assumed that the test was going to
contribute toward their class grade, they perhaps performed
more conscientious work than if they thought the test was
administered for some other reason. In addition, the format
of both tests, v;hich asked for their opinions and attitudes
rather than for ’’right answers , ” was contrary to most of the
students’ past experience. This seemed to frustrate some
61
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students and probably lessened their motivation.
The primary statistical technique was a one-way
analysis of variance P test, which is described in Dixon and
Massey. ^3 Por each behavior the unit of analysis vms the
class; class scores were grouped according to those practic-
ing and those not practicing a particular behavior. A sta-
tistically significant difference in the means of those two
groups resulted in the rejection of the null hypothesis. V/hen
this occurred, the behavior stated in the null hypothesis
was then concluded to promote either an understanding of sci-
ence or a positive attitude tovrard science.
13Wilfrid J. Dixon and Frank J. Massey, Jr., Intro-
duction to Statistical Analysis (New York: McGraw-Hill
Company, IncT] 1957 )
$
P*
If matter evades such as the air and light, because
of its extreme thinness, if objects are located far from
us in the immensity of space, if man wishes to under-
stand the performance of the heavens for the successive
periods which separate a large number of centuries, if
the forces of gravity and of heat be at work in the in-
terior of a solid globe at depths which will be forever
inaccessible, mathematical analysis can still grasp the
laws of these phenomena. It renders them present and
measurable and seems to be a faculty of the human reason
destined to make up for the brevity of life and for the
imperfection of the senses,
^
Jean Baptiste Fourier 1822
CHAPTER V
PRESENTATION AND ANALYSIS OP DATA
One purpose of this study was to determine which
behaviors are related to an understanding of science and a
positive attitude toward science. To accomplish this pur-
pose the evaluative criteria were restated as hypotheses.
In an attempt to test the hypotheses, two instruments were
administered to students in 10 physics classes from 10
schools. The tests were Test on Understanding Science and
Vitrogan*3 Attitude Toward Sc ience Scal e
,
TOUS consists of three areas: understandings about
the scientific enterprise; understandings about scientists;
and understandings about the methods and aims of science,
A student’s understanding of the methods and aims of science
may affect his behavior more than his understanding of the
chaleur
1959 ),
Ijean Baptiste Fourier, Th^ie_ai^
,
1822, quoted in Scientific^roerican , njoi CDecenber,
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scientific enterprise and the scientist. Consequently, for
the purposes of this study subscores for Area III as well
as the total scores vjere considered.
The scores on each test were grouped according to
whether the classes did or did not practice each behavior.
A one-way analysis of variance technique was employed to
ascertain if a significant difference existed between the
mean scores of the groups. The size of the P value deter-
mined whether the null hypothesis of no difference between
the groups was accepted or rejected. This technique, v;hich
is also described in Dixon .and Massey,^ has been incorporated
in the Biomedical Computer Programs BMDOIV, Analysis of
Variance for Oi-ie-yfay Design
,
version of June 11, 196!|., >rrit-
ten at the UCLA Health Sciences Computer Facility.
Each mean class score v/as punched on a standard IBM
card. The cards for each criterion vrere manually sorted
according to the classes performing or not perforning a par-
ticular behavior. The data vjas subsequently treated statis-
tically using the catalog program (BMDOIV) v/ith the Univer-
sity of Hassachiisetts CDC 36OO computer.
The mean scores for the 10 classes on TOUS (part
III), TOUS (total score), and VAS are presented in Tables
A, B, and C. The class size, range, mean, and standard
deviation are also listed.
Wilfrid J. Dixon and Prank J. Massey, Jr.
, _
Intro -
duction to Statisti cal Analysis (Nevr York: McGraw-Rili
Company,^ Inc .7"1^7)7"'^." 177^
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In Tables A1 - Al8, B1 - Bl8, and Cl - Cl8, each
hypothesis is stated and the treatment of data which was
used in accepting or rejecting each of the hypotheses is
presented. Tlie numbers in each of the table headings refer
to the particular hypothesis being tested. At the end of
each section of tables, a summary is given of the hypotheses
accepted or rejected.
Evaluation of Class Achievement on TOUS (part III)
for the Study Population
TABLE A
Class Class Size Range Mean Standard Deviation
1
2
3
4
5
6
7
8
9
8 8-13 10,00
16 7-23 13.63
17 9-17 11.88
22 8-19 14.59
9 12-18 15.11
12 9-16 11.83
17 7“19 13.53
12 7-16 11.17
19 9-16 13.84
15 9-17 13.80
1.77
I].. 11
2.44
3.05
1.96
2 . 1
f4
3.13
2.55
2.79
10 2,21
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TABLE A1
Null hypothesis A1 -- No significant difference in
understanding of science as measured by TONS (part III)
exists between students practicing behavioral (''The student
contributes to the procedure in solving a laboratory prob-lem.") and students not practicing it.
Class Means
Yes (group 1) 10.00 13. 63 11.83 14.59 15.11 11. 83
No (group 2) 13.84 13.53 11.17 13.80
Treatment Group
Sample Size
Mean (Group)
Standard Deviation
1 2
6 4
12.81[0 13.085
1.941 1.284
Analysis of Variance
Sum of Square s df Mean Square P Ratio
Between Groups 0.14J[.1 1 0. Ill 41 0.0484
Within Groups 23.7933 8 2.9742
Total 23.9374 9
The application of analysis of variance of technique
to the scores gives an P ratio vrhich indicates that no sig-
nificant difference exists between the groups. In order
to be significant at the .05 confidence level an F of 5.32
is necessary for 1 and 8 degrees of freedom. Therefore the
hypothesis is accepted.
TABLE A
2
67 .
hypothesis A? -- Ko significant difference in
understanding of science as measured by TOUS (part III)
exists betvreen students practicing behavior ? ("The student
constructs graphs and interprets them.") and students notpracticing it.
Class Means
Yes (group 1)
No (group 2)
10.00 13.63 11.88 ll|.59
11.17 13.80 13.53
15.11 13.84 11.83
Treatment Group 1
Sample Size 7
Mean (Group) 12. 983
Standard Deviation 1.812
2
3
12.833
1.447
Analysis of Variance
Between Groups
Within Groups
Total
Sum of Squares
0.0470
23.8904
23.9374
df Mean Square
1 0.0470
8 2.9863
9
F Ratio
0.0157
The application of analysis of variance of technique
to the scores gives an P ratio which indicates that no sig-
nificant difference exists betvjeen the groups. In order
to be significant at the .05 confidence level an P of 5-32
is necessary for 1 and 8 degrees of freedom. Therefore the
hypothesis is accepted.
TABLE A3
68 .
jilLUJiypothesis A3 No significant
understanding of science as measured by TOUS
exists betv/een students practicing behavior”"
analyzes and interprets data.") and students
it
.
difference in
(part III)
3 ("The student
not practicing
Yes (group 1)
No (group 2)
Class Means
10.00 13.63 11.88
11.17 13.53 11.83
11^.59 15.11 13.84
13.80
Treatment Group
Sample Size
Mean (Group)
Standard Deviation
1 2
6 4
13.175 12.582
1.905 1.283
Sum
Between Grou.ps
V/ithin Groups
Total
Analysis
of Squares df
0.8425 1
23.0948 8
23.9374 9
of Variance
Mean Square
0.8425
2.8869
P Ratio
0.2919
The application of analysis of variance of technique
to the scores gives an P ratio vrhich indicates that no sig-
nificant difference exists between the groups. In order
to be significant at the .05 confidence level an P of 5.32
is necessary for 1 and 8 degrees of freedom. Therefore the
hypothesis is accepted.
TABLE All
69 .
hyr>o thesis Al| -- No significont difference in
understanding of science as measured by TOTJS (cart ITI)
exists betvreen students practicing behavior I| ("The studentdesigns equipment.") and students not uracticinc^ it.
Yes (group 1)
No (group 2)
Class Means
10.00 13.63 15.11
11.88 14.59 I3.8I4
11.83
13.17 13.53 13.80
Treatm.ent Group
Sample Size
Mean (Group)
Standard Deviation
1
h
12.643
2.214
2
6
13.135
1.315
Analysis of Variance
Sum of Squares df Mean Square P Ratio
Betvjeen Groups 0.5821 1 0.5821 0.1994
Within Groups 8 2.9194
Total ^3.937l^ 9
The application of analysis of variance of technique
to the scores* gives an F ratio vjhich indicates that no sig-
nificant difference exists betvreen the groups. In order
to be significant at the .05 confidence level an P of 5-32
is necessary for 1 and 3 degrees of freedom. Therefore the
hvDothesis is accepted.
TABLE A5
Null hypothesis -- No signifio.pnt difference in
understanding of science as measured by TONS (pert III)
exists ^between students practicing behavior 5 ("The student
establishes the limitations of the experimental conclusions.")
and students not practicing it.
Class Means
Yes (group 1) 13 . 63 11.88 llj.59 l^.ll
No (group 2) 10.00 I3.84 11.1? 13-53 H .83 I 3 . 8O
Treatment Group 1 2
Sample Size
.
6
Mean (Group) I 3 . 8O?
\
Standard Deviation 1,421
1.
12.362
1.606
Analysis of Variance
Between Groups
V/ithin Groups
Total
Sum of Squares
4.9824
18.9550
23.9374
df Mean Square
1 4.9824
8 2 . 3691
^
9
P Ratio
2.1028
The application of analysis of variance technique
to the scores gives an P ratio which indicates that no sig-
nificant difference exists between the groups . In order
to be significant at the .05 confidence level an P of 5-3?
is necessary for 1 and 8 degrees of freedom. Thereiore t e
hypothesis is accepted.
TABLE A
6
71 .
NiaII hypothesis A 6 -- Bo significant difference in
understanding of science as measured by TOB^ (part TIT)
exists between students practicing behavior 6 ("The student
uses unassigned reference material (excluding textbook).")
and students not practicing it.
Class Means
Yes (group 1) 11.88 15.11 11.83 1^.59
No (group 2) 10.00 I3 . 8O 13.84 11. 1? 13.53
Treatment Group 1
Sample Size 4
Mean (Group) I3.352
Standard Deviation 1.7i[2
2
5
12.468
1.772
Analysis of Variance
Between Groups
V/ithin Groups
Total
Sum of Squares
1.738S
21.6668
?3.[)-053
df Mean Sqiiare
1 1.7385
7 3.0953
8
P Ratio
0.5617
The application of analysis of variance technique
to the scores gives an F ratio vjchih indicates that no sig-
nificant difference exists between the groups. Tn order
to be significant at the .05 confidence level an F of 5.p9
is necessary for 1 and 7 degrees of freedom. Therefore the
hypothesis is accepted.
TABLE A7
72 .
,
NiijJ-. hypothesis A? — No significant
understanding of science as measured by TONS
exists botvreen students practicing behavior
develops ways of testing his prooosed conclusions ")
students not practicing it.
difference in
(nart III)
7 ("The student
and
Yes (group 1)
No (group 2)
Class Means
10.00 13.63 11.88 15.11 14.59
13.8!). 11.17 13.53 11.83 13.80
Treatment Group
Sample Size
Mean (Group)
Standard Deviation
1 2
5 5
.
13.042 12.834
2.099 1.246
Sum
Eetv/een Groups
Within Groups
Total
Analysis of Variance
of Squares df Mean Square
0.1082 1 0.1082
23.8292 8 2.9787
23.9374 9
P Ratio
0.0363
The application of analysis of variance technique
to the scores gives an F ratio vrhich indicates that no sig-
nificant difference exists between the groups. In order
to be significant at the .05 confidence level an F of 5.32
is necessary for 1 and 8 degrees of freedom. Therefore the
hypothesis is accepted.
TABLE A8
73 .
Null hypothesis A8 -- No significant difference 5n
understanding of science as measured by TONS (part III)
exists betv:een students practicing behavior 8 ("The student
constructs conceptual models.") and students not 'oracticinp'
it . ^ o
Yes (group 1)
No (group 2)
10.00
11.88
Class
13.63
1.459
ans
15.11
13.84
11.83
11.17 13.53 13.80
Treatment Group
Sample Size
Mean (Group)
Standard Deviation
1
4
2
6
12.643 13.135
2.214 1.315
Analysis
Sujn of Squares
Betvreen Groups 0.5821
Within Groups 23.3552
Total 23.9374
df
1
8
9
of Variance
Mean Square
0.5821
2.9194
P Ratio
0.1994
The application of analysis of variance technique
to the scores gives an P ratio i>:hich ind5.cates that no sig-
nificant difference exists betvreen the groups. In order
to be significant at the .05 confidence level an P of 5.32
is necessary for 1 and 8 degrees of freedom. Therefore the
hypothesis is accepted.
TABTJE A 9
74 .
sis A
9
— No significant difference in
understanding of science as measvj’ed by TOUS (part III)
exists between students practicing behavior 9 ("The student
criticizes his results.") and students not pLcticinrit!
Class Means
Yes (group 1)
No (group ?)
10.00 13.63
13.84 11.17
11.88 14.59
13.^3 11.83
15.11 13.80
Treatment Group 1
Sample Size 6
Mean ( Group ) 13 • ^ 68
Standard Deviation 1.903
4
1?.S93
1.?96
Analysis of Variance
Between Groups
Within Groups
Total
Sum of Squares
0.7958
23.1?}.l6
23.9374
df Mean Square
1 0.7958
8 2.8927
9
P Ratio
0.2751
The application of analysis of variance technique
to the scores gives an P ra.tio which indicates that no sig-
nificant difference exists between the groups. In order
to be significant at the .05 confidence level an P of 5*3?
is necessary for 1 and 8 degrees of freedom. Therefore the
hypothesis is accepted.
TABLE A 10
75 .
Null hypothesjs AlO -- No sicnificant difference in
understa.nding of science as measured by TONS (part III)
exists between students practicing behavior lo" ( "The student
relates principles from one subject area to another.") and
students not practicing it.
Yes (group 1)
No (group ?)
Class Means
l!|.59 15.11 I3.BI1 13.80 13.63
10.00 11.88 11.17 13.53 11.83
Tre a tme n t Group
Sam*ple Size
Me an ( Group
)
•Standard Deviation
1 ?
5 5
111.. 194 11.682
0.631 l.?8l
Analysis of Variance
Sum of Squares df Mean Square
Between Groups 15.7754 1 15.7754
V/i thin Groups 8.16P0 8 1.0203
Total ?3-0374 9
P Ratio
15.462?
The application of analysis of variance technique
to the scores" gives an P ratio which indicates that a sig-
nificant difference exists between the groups. In order
to be significant at the .05 confidence level an P of 5.32
is necessary for 1 and 8 degrees of freedom. Therefore the
hypothesis is rejected.
76 .
TABLE All
^^j_l.l!ypot:hesi3 All -- No significant difference in
understanding of science as measured by TOUS (part III)
exists between students practicing behavior 11 ("The student
selects the mathematical operations to be performed on quan-
titative information.") and students not practicing it."
Class Means
Yes (group 1) 13.63
No (group 2 ) 10.00
11.88 14.59 15.11
13.84 11.17 13.53
11.83
13.80
Treatment Group
Sample Size
Mean (Group)
Standard Deviation
1 2
5 5
13.408 12.468
1.514 1.772
Analys is
Sum of Squares df
Between Groups
Within Groups
Total
2.2090 1
21.7284 8
23 . 93 71}- 9
of Variance
Mean Square
2.2090
2.7160
P Ratio
0.8133
The application of analysis of variance technique
to the scores gives an P ratio which indicates that no sig
nificant difference exists between the groups. In order
to be significant at the .05 confidence level an P of 5.32
is necessary for 1 and 8 degrees of freedom. Therefore
the hypothesis is accepted.
TABLE A12
77 .
EbJ-.I Al? -- No significant difference in
understanding of science as measured by TONS (part III)
exists betv/een students practicing behavior 12^ (’’The student
v/rites an essay report.") and students not practicing it.
Yes (group 1)
No (group 2)
Class Means
13.63 11.88 14.. 59
10.00 13.84 13.53
15.11 11.17
11.83 13.80
Treatment Group 1
Sample Size 5
Mean (Group) 13.276
Standard Deviation 1.703
2
5
12.600
1.673
Sum
Between Groups
V/ithin Groups
Total
Analys is
of Squares df
1 , 1424 1
??.79l4.9 8
?3.9374 9
of Variance
Mean Square
1.14?4
2.8494
F Ratio
0.4009
The application of analysis of variance technique
to the scores gives an P ratio which indicates that no sig-
nificant difference exists between the groups. In order
to be significant at the .05 confidence level an F of 5.32
is necessary for 1 and 8 degrees of freedom. Therefore the
hypothesis is accepted.
78 .
TABLE A13
Ihill hypothesis AI3 »- No significant difference in
understanding of science as measured by TOUS (part III)
exists between students practicing behavior I3 ("The student
observes and records accurately.”) and students not prac-
ticing it.
Class Means
13.63 11.88 111. 59 15.11 13.81'
13.53 11.83 13.80
Yes (group 1) 10.00
No (group 2) 11.17
Treatment Group
Sample Size
Mean (Group)
Standard Deviation
1 2
6 k
13.175 12.582
1.905 1.283
Analysis
Sum of Squares df
Betvreen Groups 0.8^25 1
Within Groups 23.0948 8
Total 23.9374 9
of Variance
Mean Square
0.8425
2.8869
P Ratio
0.2919
The application of analysis of varia.nce technique
to the scores gives an F r
nificant difference exists between the groups
to be significant at the .05 confidence level
is necessary for 1 and 8 desrrees of freedom,
hypothesis is accepted.
tio which indicates that no sig-
In order
an P of 5.32
gre . Therefore the
TABLE AII4.
79 .
hyT)oth'^si.? All.. -- No significant difference in
understanding of science as measured by TONS (part III)
exists betvreen students practicing behavior llj. (’’The student
realizes the limitations of the instrument he is using.") and
students not practicing it.
Yes (groiip 1)
No (group ?)
Class Means
10.00 13.63 11.88
13.81| 11.17 13.53
111. 59 15.11 13.80
11.83
Treatment Group 1
Sample Size 6
Mean (Group) , I3.I68
Standard Deviation 1.903
2
4
12.593
1.296
Between Groups
Within Groups
Total
Analysis
Sum of Squares df
0.7958 1
23 . 1I1.16 8
23.9374 9
of Variance
Mean Square
0.7958
2.8927
P Ratio
0.2751
The application of analysis of variance technique
to the scores gives an P ratio which indicates that no sig~
nificant difference exists between the groups. In order
to be significant at the .05 confidence level an P or 5 . 3 ?
is necessary for 1 and. 8 degrees of freedom. Therefore the
hypothesis is accepted.
80.
TABLE AI 5
hypothesis Al^ -- No significant difference in
understanding of science as measured by TOUS (part TII)
exists betv/een students practicing behavior T'The student
re-evaluates his ideas and opinions.") and students not
practicing it.
Yes (group 1)
No (group 2 )
10.00
11.17
Class
13.63
13.53
ans
11.88
11.83
14.59
13.80
15.11 13.84
Treatment Group 1
Sample Size 6
Mean (Group) 13.1?5
Standard Deviation 1.905
P
4
IP. 56P
1.?83
Be tvjeen
Within
Analysis
Sum of Squares df
Groups 0 . 84^5 1
Groups ?3 . 0946 6
Total 23.9374 9
of Variance
Mean Square
o.84?5
2.8869
P Ratio
0.2919
The application of analysis of variance technique
to the scores gives an P ratio v/hich indicates that no sig-
nificant difference exists between the groups. In order
to be significant at the .05 confidence level an P of 5-32
is necessary for 1 and 8 degrees of freedom. Therefore the
hypothesis is accepted.
TABLE A16
81.
;
A 16 — No significant difference inunaers tending of science as measured by TOUS (uart III)"exists between students practicing behavi^“l6‘ ( "The student
experimental outcomes ^til the datahas been analyzed. ') and students not practicing it.
Yes (group 1)
No (group 2)
Class Means
10.00 13.63 11.88 1[|.59 15.11
13.84 11.17 13.53 11.83 13.80
Tre a tme nt Group
Sample Size
Mean (Group)
Standard Deviation
1 2
5 5
13.042 12.834
2.099 1.246
Between Groups
V/ithin Groups
Total
Analysis of Variance
Sum of Squares
0.1082
23.8292
• 23.9374
df Mean Square
1 0.1082
8 2.9787
9
P Ratio
0.0363
The application of analysis of variance technique
to the scores gives an P ratio vrhich indicates that no sig-
nificant difference exists between the groups. In order
to be significant at the .05 confidence level an P of 5.32
is necessary for 1 and 8 degrees of freedom. Therefore the
hypothesis is accepted.
82.
TABLE AI7
— No significant difference inunderstanding of science as measured by TOUS (part III)
exists betvreen students practicing behavior I7 ("The studentproposes additional problems as a result of laboratory activ-ities, ) and students not practicing it.
Yes (group 1)
No (group 2 )
Class Moans
13.63 15.11 11.83
10.00 11.88 111
. 59
13.80
13. 81^ 11.17 13.53
Treatment Group
Sample Size
Mean (Group)
Standard Deviation
1 2
h 6
13.592 12.502
1.3I|.8 1.768
Analysis of Variance
Sum of Squares df Mean Square P Ratio
Between Groups 2.8558 1 2.8558 1.0837
Within Groups 21,0816 8 2.6352
Total 23.9374 9
The application of analysis of variance of technique
to the scores gives a.n F ratio v/hich indicates that no sig-
nificant difference exists between the groups. In order
to be significant at the .05 confidence level an P of 5*32
is necessary for 1 and 8 degrees of freedom. Therefore the
hypothesis is accepted.
TABLE A18
83 .
Null hypothesis Al3 — No significant difference in
understanding of science as measured by TOUS (part III)
exists between students practicing behavior 18 ‘ ("The students
viork on different problems at the same time.") and students
not practicing it.
Yes (group 1 )
No (group 2.)
Class Means
10.00 11.88 15.11 11.83 13.80
13.63 1 I]..59 13.84 11.17 13.53
Treatment Group 1
Sample Size 5
Mean (Group) 12.524
Standard Deviation 1.974
2
5
13.352
1.288
Be tvreen
Within
Analysis
Sum of Squares df
Groups 1.714^ ^
Groups 23.2234 ®
Total 23.9374 9
of Variance
Mean Square
1.7140
2.7779
F Ratio
O.6I7O
The application of analysis of varianc
to the scores gives an F ratio vzhich indicates
nificant difference exists between the groups,
to be significant at the .05 confidence level
is necessary for 1 and 8 degrees of freedom,
hypothesis Is accepted.
e of technique
that no sig-
In order
an F of 5.32
Therefore the
8I|.
Spjnnary of the Ar.alycic of Scorer, on the Test on Unden-
standin-. Soienco "(part III — Methods and Ains oirSg'ierice )
Prom the results of these analyses, evidence vras
provided to indicate that a significant difference in under-
standings about the methods and aims of science as measur*od
(part III) exists between those classes practicing
and not practicing behavior 10 ("The student relates prin-
ciples from one subject area to another."). The difference
favored the class vrhich practiced behavior 10.
The significant difference for behavior 10 could
have been due to chance. Since the level of confidence
vjas selected as
. 05 ; one in tvrenty hypotheses might, have
been accepted as true, when in reality it was false.
No evidence vras provided to indicate that a sig-
nificant difference in understandings about the methods and
aime of science as measured by TOUS (part III) exists be-
tvreen the classes practicing and not practicing behaviors
1 — 9 , 11 — 18 .
Evaluation of Class Achievement on TOUS (total score)
for the Study Population
TABLE B
Class
1
2
3
4
5
6
7
8
9
s Size Range Mean Standard Deviation
8 22-51 31.38 8.83
16 31-53 38.13 5.94
17 22-46 34.12 6.13
22 28 -1.9 39.32 5.50
9 3 i|.-li.8 40 « 56 5.03
12 30-44 34.50 3.92
17 29-45 37.41 4.94
12 25-40 32.25 4-^5
19 28-49 39.37 5.91
15 27-46 38.13 5.6310
86 .
TABLE B1
Null hypothe sia B1 -- No significant difference in
understanding of science as measured by TONS (total score)
exists between students practicing behavior 1 ("The student
contributes to the procedure in solving a laboratory prob-
lem.") and students not practicing it.
Yes (group 1)
No (group 2
)
Class Means
31.38 39.13 3I4-.I2 39.32 40.56 34.50
39.37 37.41 34.35 38.13
Treatment Group
Sample Size
Mean (Group)
Standard Deviation
1 2
6 4
36.502 36.790
3.667 3.133
Analysis of Variance
Between Groups
Within Groups
Total
Sum of Squares
0.1995
96.6797
96.8792
df Mean Square
1 0.1995
8 12.0850
9
P Ratio
0.0165
The anplication of analysis of variance of techn3.que
to the scores gives an F ratio which indicates that no sig-
nificant difference exists between the groups. In order
to be sifrnificant at the .05 confidence level an F of 5.32
is necessary for 1 and 8 degrees of freedom. Therefore t
hypothesis is accepted.
TABLE B?
87.
Klip hypothesis B2 -- No significant difference in
understanding of science as raeasnred by TOUS (total score)
exists between students practicing behavior P ("The student
constructs graphs and interprets them,") and students not
practicing it.
Class Means
Yes (group 1) 31,38 39.13 3 i|.12
No (group 2 ) 32.25 38.13 37 . 1 }-!
39.32 1 ' 0,56 39.37 3I1..50
Treatment Group 1
Sample Size 7
Mean (Group) 38.911
Standard Deviation 3.519
P
3
35.930
3.207
Analysis of Variance
Sum of Squares df Mean Square F Ratio
Be tween Groups 2 . 0P27 1 2.0227 0.1706
Within Groups 94-8565 8 11.8571
Total 96.8792
The apnlication of analysis of variance of technique
the scores <^ives an F ratio vfhich indicates that no sig-
In orderdifference exists between the groups
to
nificant —
^ .
to be significant at the .05 confidence level
is necessa.ry for 1 and 8 degrees of freedom,
hypothesis is accepted.
an P of 5.32
Therefore the
88
.
TABLE B3
Null hypothesis B3 — No significant difference in
understanding of science as measured by TOUS (total score)
exists betv^een students practicing behavior 3 ("The student
analyzes and interprets data.") and students not prac-
ticing it.
Class Means
Yes (group 1) 31. 3B 39.13 3^.1? 39.3? 40.56 39.37
No (group P.) 3?.?5 37.41 34.50 38.13
Treatment Group 1
Sample Size 6
Mean (Group) 37.313
Standard Deviation 3.874
2
4
35.57?
?.715
Sum
Between Groups
Within Groups
Total
Analysis
of Squares df
7.273? 1
89.6060 8
96 . 879? 9
of Variance
Mean Square
7.273?
11.2008
P Ratio
0 . 6493
The application of analysis of variance of techniopie
to the scores gives an P ratio which indicates that no sig-
nificant difference exists between the groups. In order
to be sif^nificant at the .05 confidence level an
h of 5.3?
is necessary for 1 and 8 degrees of freedom. Therefore
^he
hvoothesis is accented.
TABLE Bl|
89 .
L?.rpo thesis Bit -- No aicnificant difference in
iindera tandin" of science as measured by TOUS (totnl score)
exists between students practicing behavior Ij ("Th^ student
designs equipment.’’) and students not practicing it.
Yes (group 1)
No (group 2
)
Class Means
31.38 39.13 11 -0.56 31^.50
3)1-. 12 39.32 39.37 32.25 37.41 38.13
Treatment Group
.
1 2
Sample Size 4 6
Mean (Group) 36.393 36.767
Standard Deviation 4*226 2.932
Analysis of Variance
Sum of Squares df Mean Square P Ratio
Between Groups 0.3360 1 0.3360 0.0278
Within Groups 96.5432 8 12.0679
Total 96.8792 9
The application of analysis of variance of technique
to the scores gives an P ratio which indicates that no sig-
nificant difference exists between the groups. In order
to be significant at the .05 confidonco level an P of 5.32
is necessary for 1 and 8 degrees of freedom. Therefore the
hypothesis is accepted.
TABLE B5
90 .
byp othe s i s B
^
-- No sicnificant difference in
understanding of science as measured by TOUS (total score)
exists between students practicing behavior 5 T'The student
establishes the limitations of the experimental conclusions,")
and students not practicing it.
Yes (group 1 )
No (group ?)
Class Means
39.13 3l4-*12 39.32 40.56
31.38 39.37 32.25 37.41 34-50 38.13
Treatment Group
Sample Size
Mean (Group)
Standard Deviation
1
4
38.282
2.847
2
6
35.507
3.289
Between
Within
Groups
Groups
Total
Analysis
Sum of Squares df
18.4926 1
78.3866 8
96.8792 9
of Variance
Mean Square
18. [1 926
9.7983
F Ratio
1.8873
The apolication of analysis of variance of technique
to the scores gives an F ratio vfhich indicates that no sig-
nificant difference exists between the groups. In order
to be significant at the .05 confidence level an F of 5.32
is necessary for 1 and 8 degrees of freedom. Therefore the
hypothesis is accepted.
91 .
TABLE B6
Null hypothesig B6 -- No si^uif leant difference in
understanding of science as measured by TOUS (total scored
exists betvrecn students practicing bohpvior 6 ("The student
uses unassicned reference material (excluding textbook).")
and students not practicing it.
Yes (group 1)
No (group ?
)
Class Means
3l|.12
31.38
40.58
38.13
34.50
39.37
39.32
32.25 37.41
Treatment Group 1
Sample Size 4
Mean (Group) 37.125
Standard Deviation 3.293
2
5
35.708
3.635
Analysis of Variance
Sum of Squares df Mean Square F Ratio
Be tvjeen Groups 4 . 46 PO 1 4.46P0 0.3657
Within Groups 85.4004 7 12.2001
Total 89.86?4 8
The application of analysis of variance of technique
e scores gives an F ratio which indi.cates tnat no'sig-
^ 4- fiTists botwoen the grouns . In order _
to th
nificant difference exis e e p
to be significant st the .05 confidence level
is necessary for 1 and 7 degrees of freedom,
hypothesis is accepted.
an F of 5.59
Therefore the
TABLE B7
92 .
y the
3
i s B7 — No significent difference in
understanding of science as measured by TOUS (total score)
exists between students practicing behavior 7 r'The studentdevelops ways of testing his proposed conclusions.") and"
students not practicing it.
Class Means
Yes (group 1 ) 31.38 39.13 34-12 40.^6 39.32
No (group 2 ) 39.37 32.25 37.41 34.50 38.13
Treatment Group 1
Sample Size 5
Mean (Group) 3 ^. 90 ?
Standard Deviation 3.950
2
5
36.33?
2.900
Analysis of Variance
Betvreen Groups
Within Groups
Total
Sun of Squares
0.8123
96.0670
96.8792
df Mean Square
1 0.8123
8 12.0084
9
P Ratio
0.0676
The application of analysis of variance of techniqu
to the scores gives an F ratio which indicates that no sig-
nificant difference exists betv;een the groups. In order
to be significant at the .05 confidence level an F of 5-32
is necessary for 1 and 8 degrees of freedom. Therefore the
hypothesis is accepted.
TABLE B8
93 .
Null hypothesis BB -- No significant difference in
understanding of science as measured by TOUwS (total score)
exists betv-Jeen students practicing behavior 8 ("The student
constructs conceptual models.") and students not prac-
ticing it.
Class Means
Yes (group 1) 31.38 39.13 40.56 34-50
No (group P) 34-12 39.32 39.37 32.25 37.41 38.13
Treatment Group 1 P
Sample Size 4 6
Mean (Group) 36.393 36.767
Standard Deviation l\.,?.2G P.932
Analysis
Sum of Squares df
Between Groups 0.33^0 1
Within Groups 96.51l32 ^
Total 96.8792
of Variance
Mean Square
0.3360
IP. 0679
P Ratio
0.0P78
The aonlication of analysis of variance of technique
to the scores* gives an P ratio which indicates
nificant difference exists between the groups. In ord.
to be significant at the .05 confidence level an
P of 5.32
is necessary for 1 and 8 degrees of freedom.
Therefore t .
hypothesis is accepted.
TABLE B9
94.
Hull hyoothgsjs B9 -- No significant difference in
understanding of science as Tneasurcd by TOUS (total score)
exists betvjeen students practicing behavior 9 ("The student
criticizes his results.") and students not practicing it.
Yes (group 1)
No (group ?.
)
Class Means
31.38 39.13 34.12 39.32 40.56 38.13
39.37 32 . ?5 37.41 34.50
Treatment Group 1
Sample Size 6
Mean (Group) 37.107
I
Standard Deviation 3.569
4
35.882
3.141
Between
Within
Analysis
Sum of Squares df
Groups 3.5966 1
Groups 93.2826 8
Total 96.8792 9
of Variance
Mean Square
3.5966
11.6603
P Ratio
0.3084
The annlication of analysis of variance of technique
to the scores' gives an P ratio which indicates that no
sig-
nificant difference exists between the groups. In order
to be -i;.nifncant at the .05 confidence level an P
of 5-32
is for 1 and 8 dssrees of freedom.
Therefore the
hypothesis is accepted.
TABLE BIO
95 .
Null hypothesis BIO -- No signifleant difference in
understanding of science as measured by TOUS (total score)
exists between students practicing behavior 10 ("The student
relates principles from one subject area to another.") and
students not practicing it.
Yes (group 1)
No (group 2)
Class Means
39.32 40.56 39.37 38.13 39.13
31.38 34-1? 32 . ?5 37.41 34.50
Treatment Group 1
Sample Size 5
Mean (Group) 39.302
Standard Deviation 0.865
2
5
33.93?
?.334
Analysis of Variance
Sum of Squares df Mean Square P Ratio
Betvreen Groups 72.0922 1 72.0922 23.2678
Within Groups 24.7870 8 3.0984
Total 96.8792 9
The application of analysis of variance technique
to the scores gives an F ratio v^hich indicates that a^sig~
nifleant difference exists between the groups. In order
to be significant at the .05 confidence level an F of 5.3?
is necessary for 1 and 8 degrees of freedom. Therefore th
hypothesis is rejected.
96 .
TABLE Bll
Null b^TDothesis Bll -- No significant difference in
understanding of science as measured^by TONS (total score)
exists between students practicing behavior 11 ("The student
selects the mathematical operations to be performed on quan-
titative information.") and students not practicing it.
Yes (group 1)
No (group ?)
Class Means
39.13 34-12 39.32 40-56 34-50
31. 3B 39.37 32.25 37-41 33.13
Treatment Group 1
Sample Size 5
Mean (Group) 37-526
Standard Deviation 2.990
2
5
35-708
3-635
Analysis of VarianceV
Sum of Squares df Mean Square P Ratio
Between Groups 8,2628 1 8.2628 0.7459
Within Groups 88.6164 8 11.0770
Total 96.8792 9
The application of analysis of variance technique
to the scores gives an F ratio vrhich indicates that no sig-
nificant difference exists between the groups. In order
to be significant at the .05 confidence level an P of p-3?
j[3 necessary for 1 and 8 degrees of freedom, Therefo.
.
hypothesis is accepted.
TABLE Bl?
97 .
Null hypothesis Bl? — No significant difference in
understanding of science as measured by TONS (total score)
exists between students practicing behavior 1 ? ("The student
writes an essay report.") and students not practicing it."
Yes (group 1)
No (group 2)
Class Means
39.13 34.1? 39.3? 40.56 3?.?5
31.38 39.37 37.41 34-60 38.13
Treatment Group
Sample Size
Mean (Group)
Standard Deviation
1 2
6 5
37.076 36.158
3.654 3.?15
Analysis of Variance
Sum of Squares df Mean So^uare P Ratio
Between Groups 2.1068 1 2.1068 0.1778
V/ithin Groups 94.77?4 8 11,8465
Total 96.8792 9
The application of analysis of variance technique
to the scores gives an P ratio vfhich indicates that no sig-
nificant difference exists between the groups. In order
to be significant at the .05 confidence level an P of 5.3?
is necessary for 1 and 8 degrees of freedom. Therefore the
hypothesis is accepted.
98 .
TABLE BI3
Mull byDothesis BI 3 — No significant difference in
understanding of science as measured by TOUvS (total score)
exists betvreen students practic5.n^ behavior I 3 ("The student
observes and records accurately.") and students not prac-
ticing it.
Yes (group 1)
No (group ?)
Class Means
31.38 39.13 34-12 39.32 40.56 39.37
32.25 37.41 34.50 38.13
Treatment Group 1
Sample Size 6
Mean (Group) 37*313
Standard Deviation 3-674
2
4
35,572
2.715
Between
Within
Groups
Groups
Total
Analysis of Variance
Sum of Squares
7.2732
89.6060
96.8792
df Mean Square
1 7.2732
8 11.2008
9
P Ratio
0.6493
The aoolication of analysis of variance technique
to the scores gives an F ratio which indicates that no sig-
nificant difference exists between the groups. In o.
der
to be significant at the .05 confidence level an F
or 5.32
is neoesSary for 1 and 8 degrees of freedom.
Therefore
hypothesis is accepted.
the
TABLE BDi,
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Null hynothesis Bl)j — No significant difference in
understanding of science as measured by TONS (total score)
exists between students practicing behavior ]|| ("The student
realizes the limitations of the insti*ument he is using,")
and students not practicing it.
Yes (group 1)
No (group 2)
Class Means
31.38 39.13 3I1-.I?
39.37 3?.?5 37.41
39.3? I1.O.56 38.13
34.50
Treatment Group 1
Sample Size 6
Mean (Group) 37.107
Standard Deviation 3.5^9
4
35.88?
3.141
Analysis of Variance
Sum of Squares
Betvreen Groups 3.5966
V/ithin Groups 92,.PS26
Total 96.8792
df Mean Square
1 3.5966
8 11.6603
9
F Ratio
0.3084
The annlication of analysis of variance technique
cores* 4ives an P ratio vrhich indicates that no sig-
difference exists between the groups.
to the s
nificant
to be significant at the
is necessary for 1 and 8
hypothesis is accepted.
.05
degrees
confidence level
of freedom..
In order
an F of 5.32
Therefore the
TABLE BI5
100
.
Null hyroo thesis 31 ^ -- No v^i^nif leant difference in
understanding of science as measured by TOUS (total score)
exists betvjeen students practicino; behavior 15 ("The student
re-evaluates his ideas and opinions.") and students not
practicing it.
Yes (group 1)
No (group ?.)
Class Means
31.38 39.13 34-1? 39 . 3? 40.56 39.37
32. ?S 37.41 34-50 38.13
Treatment Group 1
Sample Size 6
Mean (Group) 37 • 3^3
Standard Deviation 3*^7ll-
4
35.57?
?.7i5
Sum
Co
Between Groups
V/ithin Groups
Total
Analvs is
of Squares df
7.2732 1
89.6060 8
96 . 879? 9
of Variance
Mean Square
7.2732
ll.POOB
P Ratio
0.61.93
The application of analysis of variance technique
to the scores gives an P ratio which indicates that no sig-
nificant difference exists between the groups. In order
to be significant at the .05 confidence level an P 3..?
is necessary for 1 and 8 degrees of freedom. Therefore
th..
hypothesis is accepted.
101 .
TABL2 B16
hypothesis B16 No significant difference in
understanding of science as measured by tOUS (total scoT*e)
exists betvjeen students practicing behavior 16 ("The student
suspends final judgment on experimental outcomes until the datahas been analyzed.'*) and students not oracticino- it.
^Yes (group 1)
No (group 2)
Class Means
31.38 39.13 34.32
39.37 32.25 37.41
39.32 40.56
34.50 38.13
Treatm.ent Group 1
Sample Size 5
Mean (Group) 36.902
Standard Deviation 3.950
2
5
36.332
2.900
Analysis of Variance
Between Groups
Within Groups
Total
Sum of Squares
0.8123
96.0670
96,8792
df Mean Square
1 0.8123
8 12.0084
9
F Ratio
0.0676
The application of analysis of variance technique
to the scores gives an P ratio which indicates that no sig-
nificant difference exists between the groups. In order
to be significant at the .05 confidence level an F of 5.32^
is necessary for 1 and 8 degrees of freedom. Therefore tne
hypothesis is accepted.
102 .
TABLE BI7
Null hypothesis B17 -- No significant difference in
understanding of science as measured by TOUS (total scored
exists between students practicing behavior I7 ("The student
proposes additional problems as a result of laboratory activities.") and students not practicing it.
Yes (group 1)
No (group ?)
Class Means
39.13 40 . 96 34.50
31.38 34.12 39.32
38,1?
39.37 32.25 37.41
Treatment Group 1
Sample Size 4
Mean (Group) 38.077
Standard Deviation 2.587
2
6
35.642
3.537
Analys is of Variance
Sum of Squares df Mean So^uare F Ratio
Between Groups 14.2399 1 14.2399 1.3790
Within Groups 82.6092 8 10.3261
Total 96 . 8490 9
The application of analysis of variance technique
to the scores gives an F ratio vjhich indicaoes that no sig~
nificant difference exists between the groups. In order
to be significant at the .05 confidence level an P of 5.32
is necessary for 1 and 8 degrees of freedom. Therefore the
hypothesis is accepted.
TABLE B18
103.
Null hypothesis BI 8 -- No significant difference in
understanding of science as measured by TOUS (total score)
exists between students practicing behavior I 8 ("The student
work on different problems at the same time.”) and students
not practicing it.
Yes (group 1)
No (group 2)
Class Means
39.13
31.38
39.32
3 l|.12
39.37
I1O.56
32.25
3i[.5o
37.14
38.13
Treatment Group 1
Sample Size 5
Mean (Group) 37.496
Standard Deviation 3.^43
2
5
35.738
3.610
Between Groups
Within Groups
Total
Analys is
Sum of Squares df
7.7264 1
89.1528 8
96.8792
of Variance
Mean Square
7.7264
11.1441
F Ratio
0.6933
The application of analysis of variance technique
to the scores gives an F ratio which indicates that no sig-
nificant difference exists between the groups. In order
to be significant at the .05 confidence level an F of 5-32
is necessary for 1 and 8 degrees of freedom. Therefore the
hypothesis is accepted.
104 .
tho Analysis of Scorsn on the Test on Undor-
standlnr: Science (totnl scone)" ~
Prorrt, the results of these a.ns.lyses, evidence v/as
provided to indicate that a significant difference in under-
standing of science as measured by TOUS (total score) exists
between those classes practicing and those not practicing
behavior 10 ("The student relates principles from one sub-
ject area to another."). The difference favored the class
which practiced behavior 10.
The significant d5fferencs for behavioi* 10 could
have been due to chance. Since the level of confidence
was selected as
. 05 > one in twenty hypotheses might have
been accepted as true, when in reality it was false. T^,-;o
indications that the si.gnificant difference between the
classes was not due to chance are: (1) A significant dif-
ference on this item occurred for hoth part III and the total
score of TOUS ; and (2) A significant difference on this item
occurred for both part III and the total score of TOUS in a
chemistry study3 parallel to this investigation.
No evidence vras provided to indicate that a signi-
ficant difference in understanding of science as measured
hy T0U3 (total score) exists betvreen those classes prac-
ticing and those not practicing behaviors 1 — 9 , 11 — 18.
The absence of results using TOUS (part III) and
TOUS (total score) coiild be due to several factors:
3Mark Waltr:., iTncompleted doctoral dissertation at
the University of Massachusetts...
105 .
1* The Test on Understanding; Science may not validly
measure understanding of science. The attributes of a scien-
tist may be developed only after considerable experience.
2. The Test on Understanding Science may not be sen-
sitive enough to measure the effect of one behavior on under-
standing science.
3. The observed behaviors may have occurred by chance
rather than as a result of an understanding of science and a
positive attitude toward science.
I4.. The teacher may not have formulated definite ob-
jectives. As a result, the class* behavior may not have been
representative of the year’s performance.
5 * culture may be the factor that produces high
scores on Test on Understanding Science rather than the physics
curriculum.
106.
Evaluation of Class Achievement on VAS
for the Study Population
TABLE C
Class Class Size Range Mean Standard Deviation
1
P
3
4
5
6
7
8
9
8 -22— +63 29.13 29.41
16 - 7—
+
81}. 40.07 23.39
17 5--61 31.35 15.26
22 -14—+72 29.50 19.59
9 5-56 36.22 18.23
12 5—78 31.33 19.22
17 •.lj.0 --+7 l 14.31 25.93
12 17»“58 31.47 12.99
19 -20--+40 17.63 16.93
15 -22-- +41 24.07 19.3810
TABLE Cl
107.
^
^gLlJ}JBQthe3ls Cl -- No significant difference in
attitude toward science as measured by VAS exists betv:e“n
students practicinn; behavior 1 ('’The student contributes tothe procedure in solving a laboratory problem.") and students
not practicing it.
Yes (group 1)
No (group 2
)
Cl^iss Means
29.13 40.07 31.35
17.63 14.31 31.47
29.50 36.22 31.33
24.07
Treatment Group
Sample Size
Mean (Group)
Standard Deviation
1 2
6 )|-
32,933 21.870
4*314 7.575
Be tween
Within
Groups
Groups
Total
Analvsis of Variance
Sum of Squares
293.7536
265.1961
558.9498
df Mean Square
1 293.7536
8 33.1495
9
P Ratio
8. 8615
The application of analysis of variance technique
to the scores gives an P ratio which indicates that a sig-
nificant difference exists between the groups. In order to
be si{?nificant at the .05 confidence level an P of 5.32
is necessary for 1 and 8 degrees of freedom. Therefore the
hypothesis is rejected.
108
.
TABLE C?
^ypQ^’^^gjs C? --- No significant difference in
attitude toward science as measured by VAS exists between
students practicing behavior ? ("The student constructs graohs
and interprets them.”) and students not practicing it.
Class Means
Yes (group 1 )
No (group ?)
29.13 40.07 31.35 ?9.50 36.?? 17.63 31.33
31 . 4-7 24*07 14-.3I
Treatment Group 1
Sample Size 7
Mean (Group) 30.747
Standard Deviation 6.993
2
3
23.283
8.607
Betvreen Groups
V/ithin Groups
Total
Analysis
Sum of Squares df
116.9878 1
44.1.9620 8
558.9498 9
of Variance
Mean Square
II6.987B
55.2453
P Ratio
2.1176
The application of analysis of variance technique
to the scores gives an P ratio vrhich indicates that no sig-
nificant difference exists between the groups. In order
to be significant at the .05 confidence level an P of 5*32
is necessary for 1 and 8 degrees of freedom. Therefore the
hypothesis is accepted.
109 .
TABLE C 3
Null hypothesis C 3 -- No significant difference in
attitude tovfard science as measured by VAS exists between
students practicing behavior 3 ("The student analyzes and
interprets data.”) and students not practicing it.
Yes (group 1 )
No (group 2 )
Class Means
29.13 40.07 31.35 29.50 36.22 17.63
31.47 14*31 31.33 24.07
Treatment Group
Sample Size
Mean (Group)
Standard Deviation
1 2
6 4
30.650 25.295
7.660 8.098
Between Groups
Within Groups
Total
Analys is
Sum of Squares df
68.8225 1
490.1273 8
558.9498 9
of Variance
Mean Square
68.8225
61.2659
P Ratio
1 . 1233
The aoplication of analysis of variance technique
to the scores" f^ives an F ratio vrhich indicates
that no sig-
nificant difference exists between the ^ 0^5^32
to be sio-n:ficant at the .05 confidence level
an P of p.32
is necessary for 1 and 8 degrees of freedom.
_herefor. t .
hvnothesis is accepted.
110 .
TABLE Cl|
Null hypothesis Qi. -- No significant difference in
attitude toward science as measured by VAS exists between
students practicing behavior 4 (’’The student designs equip-
ment.") and students not practicing it.
Yes (group 1)
No (group 2)
Class Means
?9.13 40.07 36.22 31.33
31.35 ?9 . 5o 17.63 31.47 14.31 24-07
Treatment Group
Sample Size
1 2
4 6
Mean (Group)
Standard Deviation
34.188 24.722
4.915 7.368
Analysis
Sum of Squares
Betvjeen Groups 215.0446
V/ithin Groups 343.9050
Total 558.9498
df
1
8
9
of Variance
Mean Square
215.0446
42.9881
P Ratio
5.0024
The aoplioation of analysis of variance
teohnio.ue
r?fic:nnrffe?erc: in orLr
^
h'^r00the SIS T s accepted.
111 .
TABLE C5
Null hypothesis No significant difference in
attitude tovjard science as measured by VAS exists between
students practicing behavior 5 ("The student establishes the
limitations of the experimental conclusions,'') and students
not practicing it.
Yes (group 1)
No (group 2)
Class Means
I'O.O? 31. 3!^ 29.50 36.22
29.13 17.63 31.47 14.31 31.33 24.07
Treatment Group 1
Sample Size 4
Mean (Group) 34.285
Standard Deviation 4.786
2
6
24.657
7.318
Analysis of Variance
Between Groups
V/ithin Groups
Total
Sum of Squares
222.4915
336.4582
558.9498
df Mean Square
1 222.4915
8 42.0573
9
P Ratio
5.2902
The application of analysis of variance technique^
to the scores gives an P ratio v/hich indicates tnat no sig-
nificant difference exists between the groups. In order
to be significant at the .05 confidence level an P o. :>.32
is necessary for 1 and 8 degrees of freedom. Therefore
.he
hypothesis is accepted.
112
.
TABLE C6
Null hyno the FI is C6 -- No significant difference in
attitude toward science as measured by VAS exists between
students practicing behavior 6 ("The student uses unascigned
reference material (excluding textbook).") and students not
practicing it.
Class Means
Yes (group 1) 31.35 36.22 31-33 29.50
No (group 2) 29.13 24-0? I7.63 31-ll7 H|-31
Treatment Group 1
Sample Size 4
Mean (Group) 32.100
Standard Deviation 2.880
2
5
23.322
7.319
Betvjeen Groups
Within Groups
Total
Analysis
Sum of Squares df
171.2295 1
239.1871 7
410.4166 8
of Variance
Mean Square
171.2295
34-1696
F Ratio
5.0112
The application of analysis of variance technique
to the scores gives an P ratio vihich indicates that no sig-
nificant difference exists between the groups. In
to be significant at the .05 confidence level an F of 5-50
is necessary for 1 and 7 degrees of freedom, therefore
the
hypothesis is accepted.
113 .
TABLE C7
Null hypothesis C7 -- No significant difference in
attitude toward science as measured by VAS exists between
students practicing behavior 7 (’’The student develops ways
of testing his proposed conclusions.”) and students not
practicing it.
Yes (group 1)
No (group ?.)
Class Means
29.13 JlO.07
17.63 31.47
31.35 36.22
14*31 31.33
29.50
?4.07
Treatment Group
Sample Size
Mean (Group)
Standard Deviation
1 2
5 5
33.254 23.762
4.743 7.806
Betvreen Groups
Within Groups
Total
Analysis of Variance
Sum of Squares
225 .^45?
333.7946
558.9498
df Mean Square
1 225. ?45?
8 41*7131
9
F Ratio
5.3999
The aoolication of analysis of variance technique
to the scores" 4ives an P ratio which indicates that
a sig-
nificant difference exists between the groups . In or
er
to be significant at the .05 confidence level an P
of 5*32
is necessary for 1 and 8 degrees of freedom.
Therefore e
hypothesis is rejected.
TABLE C8
114.
Null hypothesis C8 No signifinant difference in
attitude toward science as measured by VAS exists betvreen
students practicing behavior 8 ("The student constructs
conceptual models.") and students not practicing it.
Class Means
Yes (group 1)
No (group ?
)
?9.13 40.07 38.22
31.3^ 29.^0 17.63
31.33
31.47 14.31 24,07
Treatment Group 1
Sample Size 4
Mean (Group) ' 34* 1^6
Standard Deviation 4*915
2
6
24.722
7.368
Sum of
Be tvreen Groups 215
Within Groups 343
Total 558
Analysis of Variance
Squares df Mean Square
,0443 1 ?i5.o4Il8
.9050 8 4?. 9881
. 949S 9
P Ratio
5.0024
The aonlication of analysis of variance technique
"o the scores' ^f^ives an F ratio which indicates
that no sig-
iificanraiffe?enoe exists between the sroups . In order
o b^sipnifUant at the .05 confidence level ^ P
of 5-32
U neoesf^ry for 1 end 8 degrees of freedom. Therefore
the
lynothesis is accepted.
115 .
TABLE C9
Null hypothes i s C9 No significant difference in
attitude toward science as measured by VAS exists between
students practicing behavior 9 ("The student criticizes his
results,'’) and students not practicing it.
Yes (group 1)
No (group 2)
Class Means
29.13 40.07 ' 31.35 29.50 36.22 24.0?
17.63 31.47 14.31 31.33
Treatment Group
Sample Size
Mean (Group)
Standard Deviation
1
6
2
4.
3 l. 7?3 23.685
5.662 9.011
Analysis of Variance
Sum of Squsres df Mean Square P Ratio
Betvreen Groups 155- 0755 1 155.0755 3.0718
Within Grotips 403.8742 8 50.4343
Total 558.9498 9
The application of analysis of variance technique
to the scores gives an P ratio vrhich inai cates tha. t no sig-
nificant difference exists between the groups. In order
to be sie-nificant at the .05 confidence level an P of 5.3?
is necessary for 1 and 8 degrees of freedom. Therefore the
hypothesis is accepted.
116 .
TABLE CIO
Null hypothesis CIO -- No significant difference in
attituc3 e toward science as measured by VAS exists betvreen
students practicing behavior 10 ("The student relates prin-
ciples from one subject area to another.") and students not
practicing it.
Class Means
Yes (group 1 ) 29.50 36.22 17.63 24.07 !l 0.07
No (group 2 ) 29.13 31.35 31.47 lit. 31 31.33
Treatment Group 1
Sample Size 5
Mean (Group) 29 J|98
Standard Deviation 9.045
2
5
27.518
7.443
Analysis
Sum of Squares df
Between Groups 9.8010 1
of Variance
Mean Square
9.8010
Within Groups 549*1488
.
Total 558.9498
8 68.6438
9
P Ratio
0.1428
The anolication of analysis of variance technique
to the scores' gives an P ratio which indicates that no
sig-
nificant difference exists bet^^^een the groups. In ^^der
to be significant at the .05 confidence level an P of 5*32
is necessary for 1 and 8 degrees of freedom.
Therefore the
hypothesis is accepted.
117 .
TABLE Cll
Null hypothesis Cll -- No significant difference in
attitiide tovrard science as measured by VA.S exists betvreen
students practicing behavior 11 ("The student selects the
mathematical operations to be performed on quantitative
information,") and students not practicing it.
Yes (group 1 )
No (group ?)
Class Means
40.07 31.35 29.50 36.2? 31.33
29.13 17.63 31.47 14-.31 24.07
Treatment Gr oup
Sample Size
Mean (Group)
Standard Deviation
1 2
5 5
33 . 694- 23.322
4.350 7.319
Be tvreen
Within
Anal ys is
Sum of Squares df
Groups 266 . 9460 1
Groups 290.0038 8
Total 558.9498 9
of Variance
Mean Square
268 , 94-60
36.2505
F Ratio
7.4191
The apnlication of analysis of variance technique
to the scores gives an F ratio which indicates
nificant difference exists between the groups. In
orde,r
to be significant at the .05 confidence level an
F of 5 . 3 ?
is necessary for 1 and 8 degrees of freedom.
Therefore th
hypothesis is rejected.
118 .
TABLE C12
Null hypothesis C12 -- No significant difference in
attitude toward science as measured by VAS exists between
students practicing behavior 12 ("The student vjrites an
essay report.") and students not practicing it.
Class Means
Yes (group 1)
No (group 2
)
l|0.07
29.13
31.3.^
17.63
29.50
li^.31
36.22
31.33
31.1:7
24.07
Treatment Group
Sample Size
Mean (Group)
Standard Deviation
1 2
5 5
33.722 23.294
4.332 7.281
Between Groups
VJithin Groups
Total
Analysis
Sum of Squares df
27I.85SO 1
287.0918 8
558.9498 9
of Variance
Mean Square
271.8580
35.8865
F Ratio
7.5755
The annlication of analysis of
to the scores' gives an P ratio which indicates t^t
a si^-
p?fic»nrdiheretioe exists between, the groups. In order
be sLnifioer.t at the .0^ confidence level
an F of p.3?
is nL^sfary f or _1 and 8 degrees of freedom.
Therefore the
hypothesis is rejected.
119 .
TABLE CI 3
Null hypothesis CI 3 -- No significant difference in
attitude toward science as measured by VAS exists between
students practicing behavior I 3 ("The student observes and
records accurately.”) and students not practicing it.
Class Means
Yes (group 1) ?9.13 1|0.07 31-35 J?9-50 3^-?? 17-63
No (group ?) 31-47 14-31 31-33 ?4-07
Treatment Group
Sample Size
Mean (Group)
Standard Deviation
1
6
30.650
7.660
2
4
25-?95
8.098
Analysis of Variance
Between Groups
Within Groups
Total
Sum of Squares
68.8225
490.1273
558.9498
df Mean Square
1 68.8225
8 61.2659
9
P Ratio
1.1233
The aooli cation of analysis of variance technique
cor<'s‘4ivPS an F ratio which indicates tKat no oig-
nificant difference exists between the groups.
In orde^to the S'
is necessary for 1
hypothesis is accepted.
TABLE Clli
120
.
Null h^rpothefgis Cl)j. -- No significant difference in
attitude toward science as raoasured by VAS exists between
students practicing behavior H4. ("The student realizes the
limitations of the instrument he is using,") and students not
practicing it.
Yes (group 1 )
No (group 2 )
29.13
17.63
Class
IiO.O?
31.J^7
ans
31.35
14. 31
29.50
31.33
36.22 2!^.07
Tre a tme nt Group
S am.pl e Size
Mean (Group)
Standard Deviation
1 2
6 k
31.723 23.685
5.662 9.011
Analysis of Variance
Sum of Squsres df Mean Square F Ratio
Betvreen Groups 155.0755 1 155.0755 3.0718
Within Groups 403.8742 8 50.4343
Total 553.9498 9
The aoolication of analysis of variance technique
to the scores' gives an F ratio tjhich Indicates thy no sig-
nificant difference exists between the groups. In o
e
to be significant at the .05 confidence level
an P of 5.32
is necessary for 1 and 8 degrees of freedom.
Therefore th^
hypothesis is accepted.
TABLE CI5
121 .
Bull hyr)othef3is Cl^ -- No si^rnif leant difference in
attitude tovjard science as* measured by VAS exists betv;een
students practicing behavior 15 ("The student re-evaluates
his ideas and opinions.") and students not practicing it.
Yes (grovip 1)
No (group ?)
Class Means
29.13
31.47
40 . 07
14.31
31.35
31.33
29.50
24.07
36.22 17.63
Treatment Group 1
Sample Size 6
Mean (Group) 30.650
Standard Deviation 7.660
2
4
25.295
8.098
/
Analys is
Sum of Squares df
Between Groups
Within Groups
Total
68.8225 1
1|,90.1?73 8
558.9490 9
of Variance
Mean Square
68.8225
61,2659
F Ratio
1.1233
The 80o]ication of analysis of variance technique
hynothesis is accepted.
122 .
TABLE C 16
Null h:n:>othe 3 is C 16 — No significant difference in
attitude to^^rard science as measured by VAS exists betvreen
students practicing behavior 16 ("The student suspends final
judgment on experimental outcomes until the data has been
analyzed.") and students not practicing it.
Yes (group 1 )
No (group 2 )
Class Means
29.13
17.63
40.07
31.47
31.35
1401
39.50
31.33
36.22
24.07
Treatment Group
Sample Size-
Mean (Group)
Standard Deviation
1
5
2
5
33.254 23.762
4.743 7.806
Analysis of Variance
Sujn of Squares df Mean Sqanpe P Ratio
Betvjeen Groups 225.2452 1 P25 . 245? 5.3999
Within Groups 333 . 701.6 8 41.7131
Total 538.9498 9
The aDDUoatloii of analysis of variance teohnio.ue
to the soores'gives an F ratio which indicates
that a sig-
nificant difference exists betvreen the groups,
-n
tr. be sipnificant at the .Op confidence level an . of
is recesfa;rfo5 l and 8 degrees of freedom. Therefore the
hypothesis is rejected.
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TABLE CI7
Null bo^pothe-sis C 17 No significant difference in
attitude toward science as measured by VAS exists between
students practicing behavior 17 ("The student proposes addi-
tional problems as a result of laboratory activities.") and
students not practicing it.
Yes (group 1 )
No (group 2 )
Class Means
40.O7 36.22 31.33 ?)|-.07
29.13 31.35 29.50 17.63 31.47 14.
T re a tmen t Group
Sample Size
Mean (Group)
Standard Deviation
1
4
32.922
6.901
2
6
25.565
7.565
Analysis of Vari ance
SuKi of Squares df Mean Square F Ratio
Eetvieen Groups 129.9187 1 129.9187 2.4226
Within Groups 429.0310 8 ’ 53.6289
Total 558.9498 9
The application of analysis of variance technicrie
to the scores "ives an F ratio vrhich indicates that no sig-
nificant difference exists between the groups. In order
to be significant at the .05 confidence level an F of 5-32
is necessary for 1 and 8 degrees of freedom. Therefore
the
hyootheses is accepted.
VO
TABLE Cl8
124.
Null hypothesis Cl8 -- No significant difference in
attitude tovjard science as measured by VAS exists betvrecn
students practicing behavior I 8 ("The students vork on dif-
ferent problems at the same time.”) and students not prac-
ticing it.
Class Means
Yes (group 1)
No (group 2 )
29.13 31.35 36.22 31.33 ?Jl.07
40.07 29.50 17.63 31.47 111-. 31
Treatment Group 1 p
Sample Size (f 5
Mean (Group) 30.420 26.596
Standard Deviation 4*397 2.591
Analysis
Sum of Squares
Between Groups 36.55?4
X'/ithin Groups 5?? *3923
Total 553.9498
df
1
8
9
of Variance
Mean Square
36.5574
65.P990
E Ratio
0.5593
The aoplication of analysis of variance technique
to the scores* gives an P ratio v^hich indicates that
no sig-
nificant difference exists between the groups. In order
to
be significant at the .05 confidence level an F of 5-3?
is necessarv for 1 and 8 degrees of freedom.
Therefore th
hypothesis is accepted.
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S^xnimar.Y for the AnQ.lysjg of Scoros on Vitnopian’s Attitndo
Tox-zarcl Science Scale ' ^
Fi*om the results of the analyses, evidence v/as
secured vrhich indicated thc.t a significant difference 5.n
positive attitude tovrard science as measured by VAS exists
betvrsen those classes practicing and those not practicing
behaviors (1) The student contributes to the procedure in
solving a laboratory problem; (7) The student develops v;ays
of testing his proposed conclusions; (11) The student selects
the mathematical operations to be performed on quantitative
information; (12) The student ^'^rites an essay report; (16)
The student suspends final judgment on experimental outcomes
until the data has been analyzed. The difference favored
the classes which practiced the behaviors.
There was some indication that classes practicing
behaviors (![.) The student designs equipment; {<) The stu-
dent establishes the limitations of the experimental con-
clusions; (6) The student uses unassigned reference mater-
ial (excluding textbook); and (8) The student constructs
conceptual models, exhibited a more positive attitude tovrard
science as measured by VAS than those not practicing these
behaviors
,
No evidence was provided to indicate that a signifi-
cant difference in positive attitude toward science as
meas-
ured by VAS exists between those classes practicing and
those
behaviors (2) The student constructs graphsnot practicing
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and interprets them; ( 3 ) The student analyzes and interprets
data; (9) The student criticizes his results; (10) The stu-
dent relates pri.nciples from ono subject area to another;
( 13 ) The student observes and records accurately; (IL; ) The
student realizes the limitations of the instnjQaent he is
vising; (15) The student re-evalu.ates his ideas and opinions;
( 17 ) The student proposes additional problems as a result of
laboratory activities; and (18) The students v^ork on dif-
ferent problems at the same time.
\
. . . Experience never errs; what alone may err is ourjudgment, which predicts effects that cannot be producedin our experiments,
Leonardo da Vinci 1500
CHAPTER VI
SUIMARY AND CONCLUSIONS
Statement of the Problem
The purposes of this study were: (1) to identify
and state those behaviors vjhich, in the opinion of various
scientists and science educators as expressed in their
written statements, might foster an understanding of science
and a positive attitude toward science; and (2) to determine
which scientific behaviors as exhibited by students in se-
lected high school physics classes are related to an under-
standing of science and a positive attitude toward science.
Procedure
The writings of prominent scientists and science
educators since 1900 were systematically surveyed^ for
statements suggesting behaviors relating to an understand-
ing of science and an attitude toward science. Initially
^Leonardo da Vinci, Notebooks , circa 1500, quoted in
Scientific American , CXCIX (October, 1958 )#
^An associate, who conducted a parallel study in^
chemistry, cooperated in surveying the literature, identify-
ing the behaviors, and observing and rating class performances.
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there appeared 82 such statements, obtained from approx-
imately 200 articles and books. After duplications were
omitted, the list was reduced to 1^2 behaviors practiced by
both teachers and students. Those statements suggesting
student behaviors were rephrased into behavioral terms.
Through combinations, and the elimination of those behaviors
difficult to observe, a list of 19 overt student behaviors
was devised.
The list of behaviors was analyzed in actual classroom
situations to assure that they were readily observable. By
this procedure, one item was omitted, and three others were
modified. As a result the final list consisted of l8 behav-
iors theorized by scientists and science educators to promote
an understanding of science and a positive attitude toward
science
.
Since it is a recognized statistical procedure to
operate with the ends of a continuum, the investigator se-
lected classes that exhibited either a majority of the be-
haviors, or those that exhibited few. Ten classes were
utilized in the study.
During the period from January to May, 1969 j the
investigator and an associate evaluated student behavior
using an instrument developed from the list of behaviors.
Note was taken during class observation of the number of
students performing or not performing each behavior or
whether the behavior applied to the laboratory problem.
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V/hcn all tbo classes had been observed, a percentage v;aa
selected to establish a dichotomy. Since it is not pos-
sible to make a distinction within a fevr percentage points,
either 2%^ $0%, or 75^ vrere used to determine v/hether a
behavior was checked as "yes" (it was practiced by the
students) or "no" (it was not practiced by the students).
The observers compared their notes before indicating which
behaviors had been practiced in each clsss. Disagreement
between the raters on student behaviors was resolved by fur-
ther observation. Thus, the final evaluation represents a
composite appraisal of the two raters.
During March and April, 1969 > tvro tests, Te s t on
Understanding Science and Vjtrogan’s Attitude Toward Sci -
ence Scale
,
v^ere admini steered to the classes.
TOUS consists of three ereas: understandings about
the scientific enterprise; understandings about scientists;
and understandings about the methods and aims of science.
A student’s understanding of the methods and ahns of science,
however, may affect his behavior moi'e than his understand-
ing of the scientific enterprise and the scientist. Conse-
quently, for the purposes of this study subscores for Area
III, understandings about the methods and aims of science,
ns well as the total scores of TOUS were considered.
The primary statistical technique was a one-X'?ay
analysis of variance P test. Class scores were c^onped
according to those practicing or not practicing a partio-
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ular behavior. A statistically significant difference in
the means of the two groups resulted in the rejection of
the null hypothesis. When this occurred, the behavior
stated in the null hypothesis was then concluded to promote
either an understanding of science or a positive attitude
toward science.
Cone l\is ions
1. Evidence v;as provided to indicate that a sig-
nificant difference in understanding science as measured by
'^O^iS (part III) and TOTJS (total score) exists between those
classes practicing and not practicing behavior 10 ("The stu-
dent relates principles from one subject to another."). The
difference favored those classes which practiced the be-
havior.
2. Ho evidence x-zas provided to indicate that a sig-
nificant difference in understanding of science as measured by
TOUS (part ITT) and T0U3 (total score) exists between those
classes practicing and not practicing behaviors 1 -- 9j 11 --
18 .
3 . Evidence was provided to indicate that a sig-
nificant difference in positive attitude tox-jard science as
m.easured by VAS exists between those classes practicing and
not practicing behaviors (1) The student contr5.butes to the
procedure in solving a laboratory problem; (7) The student
develops vrays of testing his proposed conclusions; (11) The
student selects the mathematical operations to oe performed
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on quantitati.ve information; (12) The student vjrites an
essay report; (16) The student suspends final judgment on
experimental outcomes until the data has been analyzed.
The difference favored the classes vrhich practiced the
behaviors
.
1|. There was some indication that classes prac-
ticing behaviors ([[) The student designs equipment; (5) The
student establishes the limitations of the experimental con-
clusions; (6) The stii.dent uses vinassigned reference material
(excluding textbook); and (8) The student constructs concep-
tual models, exhibited a more positive attitude toward science
as measured by VAS than those not practicing these behaviors.
5. No evidence was provided to indicate that a sig-
nificant difference in positive attitude toward science as
measured by VA
S
exists betvieen those classes practicing and
those not practicing behaviors (2) The student constructs
graphs and interprets them; (3) The student analyzes and
interprets data; (9) The student criticizes his results;
(10) The student relates principles from one subject area
to another; (13) The student observes and records accurate-
ly; (l).i ) The student realizes the limitations of the instrii-
ment he is using; (15) The student re-evaluates his ideas
and opinions; (1?) The student proposes additional problems
as a result of laboratory activities; and (l8) Ihe students
work on different problems at the same time.
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Recommendations
1. Since considerable variation existed betvjeen the
classes in understanding science as measured by TOUS
. studies
are needed which investigate the behavioral characteristics of
those classes that score high on TOUS as compared with those
that score low,
2. Since college preparatory physics classes usually
consist of above-average students, studies are needed to de-
termine if the same relationship exists for lo\-:er-ability
students between the behaviors and an understanding of sci-
ence and a positive attitude toward science.
3. Since the population of this study was restricted
to 10 classes in a limited geographical area, studies utiliz-
ing a larger population in a wider geographical area need to
be conducted to determine if the relationships obtained in
this study were a result of class selection.
Studies are needed to determine how the behaviors
relate to an understanding of science and a positive attitude
toward science when practiced by classes in other science
areas
.
Investigations are needed in which the observa-
tion time is of longer duration to ensure that the behaviors
observed were representative of a class' performance through-
out the year.
6. Since students learn attitudes by identification
and imitation, studies are needed to investigate
the behaviors
of teachers and their relationship to student
behaviors.
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7. Studies ere needed to investigate which behaviors
could promote other important objectives of science teaching
such as problem-solving skills and an awareness of the social
aspects of science.
8. Studies are needed to investigate understanding
of science and a positive attitude toward science using other
criteria measures since the Test on Understanding: Science and
Vitrogan’s Attitude Scale may not be reliable in measuring
these goals of science education. These instruments may not
be sensitive enough to measure the effect of a behavior. More-
over, a scientist’s understanding of science and his positive
attitude toward science may be developed only after consider-
able experience.
9.
Studies are needed to investigate vjhether the
objectives formulated by the teacher have been transmitted to
the students.
10.
Studies are needed in which the effect of our cul-
ture on an understanding of science and a positive
attitude
toward science is controlled.
Implications
1. Behaviors related to an understanding of
science
and a positive attitude toward science were
identified. A
teacher who accepts these behaviors as
goals of science teach-
ing could develop a course that will
stimulate the fostering
of the identified behaviors by his
students
.
2. Behaviors related to an
understanding of science
and a positive attitude toward science that could form the
basis for a more effective measuring instrument than achieve-
ment tests measuring factual information were identified.
3. A research procedure was developed that could be
used in other disciplines to identify behaviors that promote
understandings and attitudes essential to those disciplines.
The test scores of both TOUS and VAS could have been
affected by the following factors
:
1. TOUS may not validly measure understanding of
science. The attributes of a scientist may be developed
only after considerable experience.
2. TOUS may not be sensitive enough to measure the
effect of one behavior on understanding science.
3. The observed behaviors may have occurred by chance
rather than as a result of an understanding of science and a
positive attitude toward science.
I4.. The teacher may not have formulated definite ob-
jectives. As a result, the class’ behavior may not have been
representative of the year’s performance.
5 . Our culture may be the factor that produces high
scores on TOUS rather than the physics curriculum.
6. Student motivation could have been a factor in
test results. If the students felt that the test was going to
count toward their class grade, they perhaps performed more
conscientious work than if they v;ere taking the test for the
investigators
.
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7. The format of both tests, which asked for the
students’ opinions and attitudes rather than for "right
answ'ers," was contrary to most of their past experience.
This may have frustrated some students and probably lessened
their motivation.
APPENDICES
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APPENDIX I
OBSERVED BEHAVIORS^
(l) Th.e student contributes to the proceduro in
solving a laboratory problem.
_
No Unobserved
75^ (2) The student constructs graphs and interprets them.
Yes
_______
No Unobserved
50^ (3) The student analyzes and interprets data.
Yes
_________
No Unobserved
25^ ih) Tile student designs equipment.
Yes No
_________
Unobserved
50% (5) The student establishes tho limitations of the
experimental conclusions.
Yes No Unobserved
______
25/^ (6) The student uses unassigned reference material
(excluding textbook).
No
_________
Unobserved
_____
2$% (7) The student develops ways of testing his proposed
conclusions
.
^9 3
—_
No
________
Unobserved
2^% (8) The student constructs conceptual models.
No
________
Unobserved
________
^0% (9) The student criticizes his results.
Yes No
______
Unobserved
^Percentages indicate the required number of stu
dents practicing a behavior before it was checked as
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(10) The student relates principles from one subject
area to another.
Yes No Unobserved
75^ (11) The student selects the mathematical operations
to be performed on quantitative information.
Yes
______
No Unobserved
(12) The student writes an essay report.
Yes No Unobserved
( 13 ) The student observes and records accurately.
Yes No
_________
Unobserved
75/^ ( 14 ) The student realizes the limitations of the in-
strument he is using.
Yes No
________
Unobserved
( 15 ) The student re-evaluates his ideas and opinions.
Yes No Unobserved
7^^ (16) The student suspends final judgment on experi-
mental outcomes until the data has been analyzed.
Yes No
________
Unobserved
______
25/^ ( 17 ) The student proposes additional problems as a
result of laboratory activities.
Yes No
______
Unobserved
_______
( 18 ) The students work on different problems at the
same time.
Yes No Unobserved ________
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APPENDIX II
Class 1
(1) The student contributes to the procedure in solving a
laboratory problem.
Yes X No Unobserved
(2) The student constructs graphs and interprets them.
Yes X No Unobserved
(3) The student analyzes and interprets data.
Yes X No
_______
Unobserved
(ij.) The s tilde nt designs equipment,
X No
_______
Unobserved
(5) The student establishes the limitations of the expori
mental conclusions.
Yes
_______
No X Unobserved
(6) The student uses unassigned reference material (ex-
cluding textbook).
X Unobserved
(7) The student develops ways of testing his proposed
conclusions
.
Yes X No
______
Unobserved
____
(8) The student constructs conceptual models.
Yes X No
_______
Unobserved
_____
(9) The student criticizes his results,
Yeg X No
_______
Unobserved
(10)
The student relates principles from one subject area
to another.
Yes No X Unobserved
11|0 .
( 11
)
The student selects the mathematical operations to be
performed on quantitative information.
Yes No Unobserved
( 12 ) The student writes an essay report.
Yes No X Unobserved
(13) The student observes and records accurately.
X No Unobserved
ilk) The student realizes the limitations of the instrument
he is using.
Yes No Unobserved
(15) The student re -evaluates his ideas and opinions.
Yes X No Unobserved
(16) The student suspends final judgment on experimental
outcomes until the data has been analyzed.
Yes No Unobserved
(17)
The student proposes additional problems as a result
of laboratory activities.
Yes No Unobserved
(18)
The students work on different problems at the same time
V
Yes X No Unobserved
)
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APPENDIX II ( continued )
Class 2(1)
The student contributes to the procedure in solving a
laboratory x->roblem.
Yes No Unobserved
(2)
The student constructs graphs and interprets them.
Yes X No Unobserved
(3)
The student analyzes and interprets data.
Yes X No Unobserved
(1^) The student designs equipment.
Yes X No Unobserved
(5)
The student establishes the limitations of the experi
mental cone lus ions
.
Yes No Unobserved
(6)
The student uses unassigned reference material (ex-
cluding textbook).
Yes No Unobserved x
(7)
The student develops v;ays of testing his proposed
conclusions
.
Yes No Unobserved
(8) The student constructs conceptual models.
Yea X No
Unobserved
(9) The student criticizes his results.
Yes X No
Unobserved
(10)
The student relates principles from one
subject area
to another.
Yes No
Unobserved
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(11) The student selects the mathematical operations to be
performed on quantitative information.
Yes X No Unobserved
(12) The student vrrites an essay report.
Yes X No Unobserved
( 13 ) The student observes and records accurately.
X No
____
Unobserved
(lij.) The student realizes the limitations of the instrument
he is using.
—
Unobserved
(15) The student re-evaluates his ideas and opinions.
Yes X No Unobserved
(16) The student suspends final judgment on experimental
outcomes until the data has been analyzed.
Yes X No
_____
Unobserved
_______
( 17 ) The student proposes additional problems as a result of
laboratory activities.
Yes X No
______
Unobserved
( 18 ) The students work on different problems at the same time.
Yes No X Unobserved
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APPENDIX II (continued )
Class 3(1)
The student contributes to the procedure in solving
a laboratory problem.
Yes No Unobserved
(2)
The student constructs graphs and interprets them.
Yes X No Unobserved
(3)
The student analyzes and interprets data.
Yes X No Unobserved
(4
)
The student designs equipment.
Yes No X Unobserved
{$) The student establishes the limitations of the experi-
mental conclusions.
Yes No Unobserved
(6) The student uses unassigned reference material (ex-
cluding textbook).
Yes No Unobserved
(7) The student develops ways of testing his proposed
con-
clusions .
Yes No Unobserved
(Q) The student constructs conceptual models.
Yes
___
No X Unobserved
(9) The student criticizes his results.
Yes X No
Unobserved
(10) The student relates principles from one
subject area
to another.
V- Unobserved
Yes No
(11) The student selects the mathematical operations to be
performed on quantitative information.
Yes X No Unobserved
(12) The student writes an essay report.
Yes X No Unobserved
(13) The student observes and records accurately.
Yes X No Unobserved
(llj.) The student realizes the limitations of the instrument
he is using.
Yes X No Unobserved
(15 ) The student re-evaluates his ideas and opinions.
X No
_____
Unobserved
(16) The student suspends final judgment on experimental
outcomes until the data has been analyzed.
Yos X No Unobserved _____
(17) The student proposes additional problems as a result
of laboratory activities.
No X Unobserved _____
students work on different problems at the same time.
X No Unobserved ______
Yes
(18) The
Yes
APPENDIX II (continued)
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Class 1;
(1) The student contributes to the procedure in solving
a laboratory problem.
Yes X No Unobsorvod
(2) The student constructs graphs and interprets them.
Yes No Unobserved
_____
(3 ) The stv\dent analyzes and interprets data.
Yes X No Unobserved
(4) The student designs equipment.
Yes No X Unobserved
(5) The student establishes the limitations of the experi
mental conclusions.
Yes X No Unobserved _____
( 6
)
The student uses unassigned reference material (ex-
cluding textbook).
Yes No Unobserved
(7)
The student develops v/ays of testing his proposed con-
clusions .
Yes No Unobserved
( 8 ) The student constructs conceptual models.
Yes No X Unobserved
( 9 ) The student criticizes his results.
Yqs X No Unobserved
(10)
The student relates principles from one subject area
to another.
Yes No Unobserved
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( 11 ) The student selects the mathematical operations to be
performed on quantitative information.
Yes X No Unobserved
( 12 ) The student writes an essay report.
Yes X No Unobserved
(13) The student observes and records accurately.
Yes X No Unobserved
(14) The student realizes the limitations of the instrument
he is using.
X No
______
Unobserved
(1^) The student re-evaluates his ideas and opinions.
X No Unobserved
(16) The student suspends final judgment on experimental
outcomes until the data has been analyzed.
Yes X No
_
Unobserved
(17) The student proposes additional problems as a result
of laboratory activities.
Yes No X Unobserved
(18) The students work on different problems at the same time.
Yes No X Unobserved
APPENDIX II (continued)
Class 5(1)
The student contributes to the procedure in solving
a laboratory problem.
Yes No Unobserved
(2)
The student constructs graphs and interprets them.
Yes X No Unobserved
(3)
The student analyzes and interprets data.
Yes X No Unobserved
(4)
The student designs equipmsnt
Yes X No Unobserved
(5)
The student establishes the limitations of the experi-
mental conclusions.
Yes No Unobserved
(6)
The student uses unassigned reference material (ex-
cluding textbook).
Yes No Unobserved
(7)
The student develops v;ays of testing his proposed con-
clusions ,
Yes No Unobserved
(8)
The student constructs conceptual models.
Yes X No ___ Unobserved
(9)
The student criticizes his results
Yes No Unobserved
(10)
The student relates principles from one subject area
to another.
Unobserved x
Yes No
(11) The student selects the mathematical operations to be
performed on quantitative information.
Yes X No Unobserved
(12) The student writes an essay report.
X No
_____
Unobserved
( 13 ) The student observes and records accurately.
Yes X No
______
Unobserved
(11^) The student realizes the limitations of the instrupient
he is using.
Yes X No
______
Unobserved
( 15
)
The student re-evaluates his ideas and opinions.
Yes X No Unobserved
(16)
The student suspends final judgment on experimental
outcomes until the data has been analyzed.
Yes No Unobserved
( 17
)
The student proposes additional problems as a result
of laboratory activities.
Yes No Unobserved
( 18
)
The students work on different problems at the same
time.
Yas X Ho Unobserved
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APPENDIX II ( continued )
Class 6
(1) The student contributes to the procedure in solving
a laboratory problem.
Yes X Ho Unobserved
(2) The student constructs graphs and interprets them.
Yes X No Unobserved
____
(3 ) The student analyzes and interprets data.
Yes No X Unobserved
(I4.) The student designs equ5.pment
.
Yes X No Unobserved
(5) The student establishes the limitations of the experi-
mental conclusions,
Yes
___
No X Unobserved
( 6 ) The student uses xmassigned reference rimterial (ex-
cluding textbook).
Yes X No
____
Unobserved
(7) The student develops ways of testing his proposed con-
clusions.
Yes No ^ Unobserved
(8) The student constructs conceptual models.
Yes X No Unobserved
(9) The student criticizes his results.
Yes No X Unobserved
(10)
The student relates principles from one subject area
to another.
Yes No Unobserved
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(11) The student selects the mathematical operations to be
performed on quantitative information.
Yes X No Unobserved
(12) The student v/rites an essay report.
Yes ‘ No X Unobserved
(13) The student observes and records accui’ately.
^ Unobserved
(14) The student realizes the limitations of the instrument
he is using.
Yes No X Unobserved
(15) The student re-evaluates his ideas and opinions.
Yes No X Unobserved
(16) The student suspends final judgment on experimental
outcomes until the data has been analyzed.
X Unobserved
_____
(17) The student proposes additional problems as a result
of laboratory activities.
Yes X No
___
Unobserved
(18) The students work on different problems at the same time.
Yes X No Unobserved
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APPENDIX II (continued )
Class 7(1)
The student contributes to the procedure in solving
a laboratory problem.
Yes No Unobserved
(2)
The student constructs graphs and interprets them.
Yes No X Unobserved
(3)
The student analyzes and interprets data.
Yes No X Unobserved
(1^) The student designs equipment.
Yes No X Unobserved
(5)
The student establishes the limitations of the experi-
mental conclusions.
Yes , No Unobserved
(6)
The student uses imassigned reference material (ex-
cluding textbook).
Yes No X* Unobserved
(7)
The student develops ways of testing his proposed con-
clusions .
Yes No Unobserved
(8) The student constructs conceptual
models.
Yes No _jc Unobserved
(9) The student criticizes his results.
Ygg Ho ._x
Unobserved
(10)
The student relates principles from one
subject area
to another.
Yes No
Unobserved
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(11) The student selects the mathematical operations to be
perforirsd on quantitative information.
Yes No X Unobserved
(12) The student v;rites an essay report.
X Unobserved
(13) The student observes and records accurately.
Yes No X Unobserved
(li^.) The student realizes the limitations of the instrument
he is using.
X Unobserved
( 15 ) The student re-evaluates his ideas and opinions.
Yes No X Unobserved
(16) The student suspends final judgment on experimental
outcomes until the data has been analyzed.
Yes . No X Unobserved
(17) The student proposes additional problems as a result
of laboratory activities.
Yes No Unobserved
(18) The students work on different prob].ems at the same time.
Yes No X Unobserved
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APPENDIX II (contlnusd )
Class 8
(1) The student contributes to the procedure in solving
a laboratory problem.
No X Unobserved
(2) The student constructs graphs and interprets them.
Yes No X Unobserved
(3) The student analyzes and interprets data.
Yes No X Unobserved
(1|) The student designs equipment.
Yes No - X Unobserved
(5)
The student establishes the limitations of the experi-
mental conclusions.
Yes No Unobserved
(6)
The student uses unassigned reference material (ex-
cluding textbook).
Yes No Unobserved
(7)
The student develops ways of testing his proposed con<
elusions
.
Yes No Unobserved
(8) The student constructs conceptual models.
Yes No X Unobserved
(9) The student criticizes his results.
Yes
__
No X Unobserved
(10)
The student relates principles from one subject area
to another.
Yes No Unobserved
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(11) The student selects the mathematical operations to be
performed on quantitative information.
X Unobserved
(12) The student writes an essay report.
Yes X No Unobserved
(13) The student observes and records accurately.
No X Unobserved
( 14 ) The student realizes the limitations of the instrument
he is using.
Yes No X Unobserved
(1^) The student re-evaluates his ideas and opinions.
Yes
___
No X Unobserved
(16) The student suspends final judgment on experimental
outcomes until the data has been analyzed.
Yes No X Unobserved
( 17 ) The student proposes additional problems as a result
of laboratory activities.
Yea No x Unobserved
( 18
)
The students work on different problems at tlie same time
Yes No X Unobserved
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APPEI'IDIX II ( continued )
Class 9
(1) The student contributes to the procedure in solving
a laboratory problem.
Yes No X Unobserved
(2) The student constructs graphs and interprets them.
Yes X No Unobserved
(3) The student analyzes and interprets data.
Yes X No Unobserved
(1|.) The student designs equipment.
Yes No X Unobserved
_____
(5) The student establishes the limitations of the experi-
mental conclusions.
Y®3 X Unobserved
(6) The student uses unassigned reference material (ex-
cluding textbook).
Y©3 No X Unobserved
______
(7) The student develops ways of testing his proposed con-
clus ions
.
Yes
_____
No X Unobserved
(8) The student constructs conceptual models.
Yes No X Unobserved ___
(9) The student criticizes his results.
Yes X No
_____
Unobserved
(10)
The student relates principles from one subject area
to another.
Yes X No Unobserved ___
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( 11 )
( 12 )
( 13 )
( 14 )
(15 )
( 16 )
( 17 )
(18 )
Tlio studont soldct^s the nia.t]n6iTiatic8il op© rutions to boporformod on quantitative information.
Yes No X Unobserved
The student writes an essay report.
Yes No X Unobserved
The student observes and records accurately.
Yes X No Unobserved
Tlie
he
student
is using
realizes the limitations
•
of the instrument
Yes No X Unobserved
The student re-evaluates his ideas and opinions.
Yes X No Unobserved
The student suspends final judgment on experimental
outcomes until the data has been analyzed.
Yes No X Unobserved
The student proposes additional problems as a result
of laboratory activities.
Yes No X Unobserved
The students work on different problems at the same time.
Yes No X Unobserved
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APPENDIX II ( coiitinuod )
Class 10
(1) The student contributes to the procedure in solving
a laboratory problem.
Yes No X Unobserved
(2) Tlie student constructs graphs and interprets them.
Yes No ^ Unobserved
(3) The student analyzes and interprets data.
Yes X No Unobserved
(1;) The student designs equipment.
Yes No • X Unobserved
(5) The s tilde nt establishes the limitations of the experi-
mental conclusions.
Yes No X Unobserved -
(6) Tlie student uses unassignod reference material (ex-
cluding textbook)
.
I
No X Unobserved
develops ways of testing his proposed con-
No X Unobserved
constructs conceptual models.
No X Unobserved
criticizes his results.
No
_______
Unobserved
_____
relates principles from one subject area
No Unobserved
Yes
_____
(7) The student
elusions
.
Yes
(8) The student
Yes
(9) The student
Yes X
(10) The student
to another.
Yes X
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( 11
)
The student selects the mathoraatical operations to be
perforraod on quantitative information.
Yes No(12)
The student writes an essay report.
Yes No
Unobserved
Unobserved
(13)
The student observes and records accurately.
Yes X No Unobserved
(14)
The student realizes the limitations of the instrument
he is using.
Yes No Unobserved
(15)
The student re-evaluates his ideas and opinions.
Yes No X Unobserved
(16)
The student suspends final- judgment on experimental
outcomes until the data has been analyzed.
Yes No Unobserved
(17)
The student proposes additional problems as a result
of laboratory activities.
Yes No Unobserved
( 18
)
The students work on different problems at the same time.
Yes X No Unobserved
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APPENDIX III
Vitrogan’s Attitude Tovjard Science Scale
INSTRUCTIONS:
This is a study of hov; some students feel about some im-
portant questions. On the following pa^es there are I|.0
statements with which some students agree and other dis-
agree. It is desirable to find out to what extent you
agree or disagree with these statements, in order to com-
pare your feelings with other students of other schools.
Please mark each statement on the answer sheet according to
the amount of your agreement or disagreement, by using the
follovjing scale:
+1 : Slight support
,
agreement • Slight opposition ,
~ disagreement
* Moderate oppos ition ,
disagreement
+3 I Strong support , agreement -3 : Strong oppos ition,
disagreement
It is important that you do this as carefully as you can.
Rate every statement
.
There is no time limit but work rapidly.
Read carefully the sample below; then, turn the page and
begin.
Sample Statement
+1 1 . If an opportunity for dishonesty is presented,
most students wj^l l not cheat .
.3 2. If an opportunity for dishonesty is presented,
most students will cheat .
If you agree slightly witli statement (1) you would mark +1
in the left margin next to statement ( 1 ).
If you disagree strongly with statement (2) you would place
a -3 in the blank space provided in the margin next to
statement ( 2 ).
The rating key has been reproduced on a separate page and
distributed to you for ready reference.
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1. Basic things can not change or they would not be
basic.
2. The structure of an object is less important than
its function because structure without a knowledge
of function makes the object useless.
3. Essentially there is only physical change taking
place in the world, the most basic things remain
static,
Ij., It is more important to know how to use an object
than how it is built.
5* Often there is a question of language involved
in many of the questions that are asked about
nature, hence the way in v:hich the question is
asked is often more important than the answer,
6. Th.e most important thing to know about anything
or any object is to know hovj to use it. Only
if you are going to build something, should you
knovj about its structure.
7* The major discoveries in the v;orld were the result
of careful observations.
8. Even though the earth itself and the things upon
it seem to be changing, this change is only on
the surface.
9. Although answers give us information, old ques-
tions asked in a nev; way, have brought about new
discoveries
.
10. Everythi.ng in the vrorld is changing, no one sit-
uation can exist forever.
11. Every particle of matter in the vrorld is con-
stantly changing.
12. Most discoveries could not have been made except
by a lucky accident.
13. Only by knowing how an object is built can its
true use by discovered.
11].. It is very rare to make a discovery by accident.
15 , The real significant discoveries have been acci-
dental, while some minor discoveries may have been
the result of careful planning and observation.
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__16. Knowledge can be extended more through an under-
standing of the function of objects rather than
of how they are put together.
_JL7. Although things around us seem to be stable they
are constantly in motion and changing.
_18. The mox^e and better formulated questions we are
confronted with, the greater our understanding
will be.
19. Everything in the world is changing even though
externally it may appear to remain static.
20. Everything in the world undergoes change.
21. Most great discoveries of the world were made by
men v/ho observed carefully, even though they may'
have appeared sometimes casual in their observa-
tions .
22. An object is useful to mankind only if its func-
tion is knovm; the object is only as valuable as
its uses.
23 . Despite all the careful and controlled observa-
tions which have provided some important discover-
ies, it has been shovm over and over and over
again that most great discoveries are stumbled
upon
.
24.. Although vje hear of discoveries being found by
accident, for the most part most discoveries are
made after careful study.
25 . Discoveries are more often stumbled upon than
” found through controlled observation.
26 . Most great discoveries have been stumbled upon.
27 . Basically the questions one asks do not change,
" though the attitude with which they are asked may
change; what is important is definitely the answer.
28. If you know how something is built you will also
be able to understand its function.
29 . Once the proper question is asked, any one
can
discover the answer.
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30* Nev/ ideas and new observations are the results
of the way in which the qeustions are asked,
31 • In order to discover something very close obser-
vation is needed.
32* Most scientific discoveries were stumbled upon
despite careful and controlled observations.
33* Some discoveries may seem accidental, but they are
only discovered because of the patience and knowl-
edge of the observer.
3^* ® question is asked is more important than
the answer obtained because without a properly
phrased question there can be no meaningful answer.
3^* Only if you want to build things should you bo
raore interested in their structure than in how
they are to be \isod.
3 6. What v;e need are basic truths or facts rather than
clearly stated questions.
Through research and hard work, rather than by
accident, scientists figure out and plan their
discoveries
,
38. Understanding comes from the answer to the ques-
tion rather than from the way in which the ques-
tion is asked.
39. It doesn’t matter what the question is, the right
answer is the most important thing.
1|.0. Knowledge can be gained only from the solution to
“ problems and not from the questions which are
asked.
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APPENDIX VI
BRIEF DESCRIPTION OP CLASS ENVIROlRffiNT
Class No 1 ; The students, who spent about 3^^ or their
time in the laboratory, had some choice of which experiments
they carried out, and the procedure to be followed. Because
of the very small laboratories, the students worked in groups
of two almost in isolation from the rest of the class. The
groups did not interchange data; each group discussed its re-
sults directly with the teacher. The teacher’s presence in
the classroom had little effect on the conduct of the labora-
tory, since the students generated their own enthusiasm. In-
dustrial and technical applications of the principles were em-
phasized in class.
Class No. 2 ; The students spent 70% of their time in
the laboratory. The teacher usually presented them with a
phenomenon that needed explaining. As the students attempted
to explain it, the teacher would question their understanding.
As a result of the discussion, a question arose that was nec-
essary to solve by laboratory work. The students carried out
the laboratory experiment after deciding their own procedure.
An attempt v;as made to discover the unifying concepts or princi-
ples as the result of the year’s work. Most of the time spent
in the classroom was either in pre -laboratory or post-laboratory
sessions. According to the teacher, his primary purpose was to
generate enthusiasm.
Class No. 3 : During the period of investigation,
lab-
oratory sessions occurred twice in three weeks. In
the labors-
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tory, a problem was presented to the students. They were ex-
pected to develop part of the procedure and to decide which
equipment to use. During class time, problems were solved on
the board by the teacher as the students offered suggestions
on the direction to take. Wrong suggestions were not initially
corrected by the teacher. The students were given difficult
problems to take home as an examination. After the problems
were completed, the student discussed them with the teacher
during an individual conference.
Class No. ij ; The students spent 80^ of their time in
the laboratory. Experiments were selected by the teacher, but
the students were encouraged to vary the procedure. The students
were encouraged to understand relationships. Often the teacher
was absent from the laboratory. The laboratories and classes
had large enrollments compared to the other classes in this study
with as many as 25 students in one laboratory. PSSC apparatus
and equipment were used. Some of the experiments were adapted
from the advanced PSSC curriculum materials. PSSC tests were
employed.
Class No. 5 » Physics class met once a week for two con-
tinuous hours; 50^ of that time was spent in the laboratory. The
students selected the areas they wished to study. In the absence
of a standard textbook, the library served as a reference. Much
use was made of the students' past experience. Students often
presented the information in class. The teacher frequently would
leave the laboratory for half hour periods, but his absence did
not affect the conduct of the laboratory. The students deter-
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mined their own grades in conference with the teacher.
Class No. 6 ; Laboratory sessions occurred twice during
the three-week period of observation. In regular class sessions
the teacher followed the traditional high school physics text-
book quite closely. In the laboratory, experiments were usually
designed to illustrate some principle discussed in the textbook.
The experiment sometimes preceded and sometimes followed the
class discussion of the principle. Considerable use was made of
films — between 15^ and 20^ of class time.
Class No. 7 ‘ Laboratory sessions occurred once every
two weeks during the period of observation. The inexperienced
teacher, who was the only beginning teacher cooperating in this
study, was quite authoritarian. The procedure was prescribed
for the students in advance, and the teacher revlev;ed the pro-
cedure thoroughly before the students performed the experiment.
Students were required not to deviate from the prescribed pro-
cedure. Workbooks were filled out from the laboratory reports.
There were no post-laboratories, and very few demonstrations.
The textbook was followed rigidly. Discipline was very poor.
Class No. 8 : Laboratory sessions occurred about once
every three weeks dui’ing the period of observation. The teacher
presented in class material covered in the textbook. The exper-
iments, which illustrated some principle covered in the book, were
usually well-planned by the teacher. Perhaps once a term, the
students designed their own laboratory experiment based on ma-
terial in the book. The school was poorly-equipped for labora-
tory sessions. Traditional, multiple-choice type questions
were
I
i
I
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used for examinations.
Class No. 9 ; Laboratory was given on Wednesday of each
week. The teacher used overlays to explain the laboratory pro-
cedure. The students devised their own format for laboratory
reports. Most laboratory sessions observed consisted of the
students’ collecting data to be analyzed by them. The students
performed the experiments in small, voluntary groups. The main
emphasis in the class was on solving problems
. The students
were organized into five groups; one or two students dominated
each group. The teacher circulated, asking questions or pro-
viding information for the solution of the problems. The an-
swers to the problems were on the board.
Class No. 10 ; Laboratory sessions, which occurred at
a fixed time each week, were scheduled the first period in the
morning. Experiments were simple, and the students were al-
lowed ample time to complete them. It appeared to the inves-
tigator that the students spent much time thinking about the
experiments. The main emphasis was upon discovering informa-
tion to support the principles discussed in the textbook. Some-
times the students had to hunt for the equipment for a particu-
lar phase of the experiment by themselves. The teacher waited
for the students to come to him with questions before he offered
any advice on the experiments. Discipline was unusually good
with little apparent direction from the teacher. The classrom
was unusually neat, and the equipment was very well cared for.
Perhaps 20^ of class time was taught using overlays designed
by
the teacher. This was the _only class with a significant (4-5^)
of girls.
BIBLIOGRAPHY
BIBLIOGRAPPIY
Books
Allport, Gordon. "Attitudes," Handbook of Social Psychology
.
Worcester, Massachusetts: Clark Universitv Press.
1935.
Andersen, Hans 0. "Preparing Performance Objectives,"
Readings in Science Education for the Secondary
School
. New York: The Macmillan Company, 1969.
Barnard, J. Darrell. Physics in Your High School . New
York: McGraw-Hill Book Company, Inc., I960.
Beiser, Arthur. The Science of Physics . Reading, Massa-
chusetts: Addison-V/esley Publishing Company, 1964.
Best, J. W. Research in Education . Englev/ood Cliffs, New
Jersey: Prentice-Hall, Inc., 1959.
Bloom, Benjamin S. and Lois J. Broder. Problem-Solving
Processes of College Students: An Exploratory In -
vestigation . Chicago: University of Chicago, 1950.
Borg, Walter R. Educational Research: An Introduction . New
York : David McKay Co., Inc
. ,
19^3
.
Brandwein, Paul E., Fletcher G. V/atson and Paul E. Blackviood.
Teaching High School Science: A Book of Methods .
New York: Harcourt, Brace, and World, Inc
. ,
1958
.
Burnett, R. W. Teaching Science in the Secondary School .
New York: Rinehart & Co., 19b?.
Dev;ey, John. Democracy and Education . New York: The Mac-
millan Company, 1916.
How V/e Think . Boston: D. C. Heath, 1933*
Dixon, Wilfrid J. and Prank J. Massey, Jr. Introduction to
Statistical Analys is. New York: McGraw-Hill Book
Company, Inc., 1957.
Glaser, E. M. An Experiment in the Development of Critic^_
Thinking. Contributions to Education Uoj. 854.
New York: Columbia University, Teachers College,
19112.-
172
173 .
Leo, Eugene C. Ne\«y Developmonta in Science Teaching
.
Belnont, (JFiirorniK'i UJadsworth Publ^ishing &ompe.nv,
Inc., 1967.
Mann, C. Riborg. The Teaching of Phyalcn
. Hew York: The
Macmillan Company, 1912.
’
Maxwell, James Clark. Quoted in Phillipp Prank, Philosophy
of Science. Englewood Cliffs, Now Jersey: Prentice
-
E^l, Inc., 1957.
Montaigne. Of Pedant isme
.
Quoted in R. W. Burnett, Teach"
ing~"SFje nee in the Secondary School. New York:
iSneEart & Company, Inc^
,
~T9”57 •
National Society for the Study of Education. Fifty-ninth
Yearbook of the National Society, Rethinking Science
Education. Chicago: University of”7^icago Press,
196b.
National Society for the Study of Education. Thirty-first
Yearbook of the National Society, Part I, A Pro -
gram for Teaching Sc ience. Bloomington, Illinois:
Public School Publishing Company, 1932.
Northrop, P. S. C. The Logic of the Sciences and the
Humanities . New York: The Macmillan Company, 1949*
Romey, William D. Inquiry Techniques for Teaching Science .
Englewood ^Tiffs, Nev; Jersey: Prentice -Hall, Inc.,
1968.
Sund, Robert B. and L-eslie W. Trowbridge. Teaching Science
in the Secondary Schools. Columbus, Ohio: Charles
Merrill Books, Inc., I967 .
Watson, Fletcher G. ’’Research on Teaching Science,” H^hopk
of Research on Teaching,^ Chicago: Rand McNally &
Company, 1963 .
Woodburn, John H. and Ellsworth S. Obourn. T^ching_^e_
Pursuit of Scien^_. Nev; York: The Macmillan Com-
pariy7”T965.
m.
Articles
Barnard, J. Darrell, "What Can Science Contribute to the Lib-
eral Education of All Children?", The Science Teach-
er , XXXII (November, 1965), 2 I4.-26 .
"Teaching Scientific Attitudes and Methods in
Science," The Bulle tin of the National Association
of Secondary School Principals, XXXVII (January,
1951)7
Bauniel, Howard B. and J, Joel Berger. "An Attempt to Measure
Scientific Attitudes," Science Education, XLIX (April,
1965), 267-69.
Boeck, Clarence H, "The Relative Efficiency of Reading and
Demonstration Methods of Instruction in Developing
Science Understandings," Science Education
,
XL
(March, 1956), 92-97.
"Teaching Chemistry for Scientific Method and
Attitude Development," Science Educat ion, XXXVII
(March, 1953), 8l-81|.
Brandwein, Paul P. "Observations on Teaching: Overload and
•The Methods of Intelligence,’" The Science Teacher ,
XXXVI (February, 1969), 38-1^.0.
Burnett, R. W. "An Experiment in the Problem Approach in the
Teaching of Biology," Science Education, XXII (March,
1938), 115-20.
Bruner, Jerome. "The Art of Discovery," Harvard Educational
Review
,
XXXI (1961), 21-32.
Cooley, William W. and Robert D. Bassett. "Evaluation and
Follow-up Study of a Svjmner Science and Mathematics
Program for Talented Secondary School Students,"
Science Education, XLV (April, 1954- )» 209.
Curtis, Francis D. "The Thirty-First Yearbook in Retrospect
and a Look to the Futxire," Science Education , XXXVII
(February, 1953 )» 33 “35*
da Vinci, Leonardo. Notebooks , circa 1^00*
entific American, CXCIX (October, 1958), 1*
Davis, Ira C. "The Measurement of Scientific Attitudes,"
Science Education , XIX (October, 1935 )
1
H7-22.
175 .
Dewey, John. "The Supreme Intellectml Obligation," Science
Education. XVIII (February, 1934.) , 1-I|.
Duckworth, Eleanor. "Piaget Rediscovered," Journal of
Research in Science Teaching . II (19^’r, 17P-75.
Foster, Sir M3.chael. History of Philosophy, 1901. Quoted
in Sclentific’’AiTierlcan
.
XX (June, 1959)* 2.
Fourier, Jean Baptiste. Theorie analytique do la chaleur
,
1822
. Quoted in Scientific AmerTcari , " C De cember
.
1959), 54-.
Gross, Richard E. and Frederick J. McDonald. "The Problem-
Solving Approach, " Phi Delta Kappan. XXXIX (March.
1958), 259-65.-
Haber-Schaim, TJri
. "The PSSC Course," Physics Today, XX
(March, 1967), 26-31.
Haney, Richard E. "The Development of Scientific Attitudes,"
The Science Teacher
,
XXXI (December, 1964-), 71-77.
Hoff, A, G. "A Test of Scientific Attitude," School Science
and Mathematics
,
XXXVI (1936), 763-70.
Holton, Gerald. "Harvard Project Physics," Physics Today ,
XX (March, 1967), 31-34-.
Hurd, Paul deHart. "The Case Against High School Physics,"
School Science and Mathematic s , LIII (June, 1953),
Ii39"^9.
Kelley, W. C. 'H-Zill Physics Disappear From Our High Schools?",
The Science Counselor, XVII (September, 1954- )»
ICruglak, Hyam. "A Comparison of the Conventional and Demon-
stration Methods in Elementary College Physics Lab-
'oratory," Journal of Experimental Education , XX
(March, 19 2^ ), 293 - 3^ 0 .
"Evaliiating Laboratory Instruction by Use of Ob-
jective-Type Test," American Journal of Physic s^,
XXVI (January, 1958)’, 3Tv'32.
Kurtz, Edwin B., Jr. "Help Stamp Out Non-Behavioral Objec-
tives," The Science Teacher, XXXII (January, 1965),
31-32.
176 .
Lahti, Arnold M. "The Inductive -Deductive Method and the
Physical Science Laboratory," Journal of Experi-
mental Education
, XXIV (March, 19^6), 149 -63 .
Mallinson, George. "The Role of Physics in the Merging
High School Curriculum," School Science and Math-
ematics
, LV (March, 1955 ), ’210^06';
Montague, Earl J. and John J. Koran, Jr. "Behavioral Ob-
jectives and Instructional Design," The Science
Teacher
,
XXXVI (March, 1969), 10, 77’^/FT’
Mowrer, 0. H. "Learning as Problem Solving," Review of
Educational Research
,
XXII (December, 1952), T|[78-8l,
Murphy, Glenn- V/, "Content Versvis Process Centered Biology
Laboratories, Part I: Foundations of Biology Ed-
ucation," Science Education, LII (March, 1969),
i5J^7T
"National Research Council-American Institute of Physics
Conference on Productions of Physicists," Green-
brier Hotel, White Sulphur Springs, Virginia,
Physios Today. VIII (June, 1955), 6-12.
"National Science Teachers Association Conferences on Sci-
entific Literacy, The," An NSTA Staff Report, The
Science Teacher
,
XXXV (May, 1968), 30-32.
Noll, Victor H. "Measuring the Scientific Attitude," The
Journal of Abnormal and Social Psychology , XXX
TJ^y-September, 19351, lTi5^5*
O'Connell, Sister Ernestine Marie. "The Comparison of^
Inductive and Deductive Methods of Teaching High
School Chemistry," Science Education , XLV (Decem-
ber, 1961 ), [|.36-ii.3.
Perlman, James S. "An Historical Vs. Contemporary Problem
Solving Use of the College Physical Science Lab-
oratory Period for Creneral Education," Journalj^
Experimental Education , XXI (March, 1953), 25l“57
"Physical Science Study Committee -- A Planning Conference,
Pl^ysics Today, X (March, 1957), 28-29.
Powers Samuel. "Physical Science in Our Secondary Schools,"
American Journal of Physics, XXVII (September, 1959),
51^-23.
177 .
Ramsey, Gregor A. and Robert W. Howe. "An Analysis of Re-search on Instructional Procedures in Secondary
^hool Science, Part I — Outcomes of Instruction."
^e Science Teacher
.
XXXVI (March, 1969), 62-70.
Ronneberg, 0. E. "Laboratory Projects in Physical Sciencefor General Students," Science Education. LI(March, 1967), 152-61.
Rosen, Sidney. "A History of the Physics Laboratory in the
American Public High School (to 1910)," American
Journal of Physics
.
XXII (April, 1954), r94-20l|.
Rutherford, James F. "The Role of Inquiry in Science Teach-
Joiirnal of Research in Science Teaching
. II
V X96 i|. / ^ oO
*
81
^ •
Schmidt, Donald J
.
"Test on Unders tend in;y Science: A Com-
parison Among Several Groups^’^Journal of Research
in Science Teaching
^
V (1967-681, '
Shulman, Lee S, 'Psychological Controversies in the Teaching
of Science and Mathematics," The Science Teacher,
XXXV (September, 1968), 34-38, §9*^0.
’
Smith, F. Dov7. "A Letter to Physics Teachers," School Sci-
ence and Mathematic s, LIV (March, 1954)# 22lf-32.
Taba, Hilda. "The Teaching of Thinking," Elementary Eng-
lish. XLII (May, 1965), 534»42.
Vitrogan, David. "Characteristics of a Generalized Attitude
Toward Science," School Science and Mathematics.
LXIX (February, 19^7, l50-5^.
Wessell, George. '/Measuring the Contribution of Science
to Scientific Attitudes," Science Education
,
(November, 1941)# 336-39.
Publications
Aylesworth, Thomas G. Planning for Effective Science
Teaching. Columbus, Ohio: American Education
Publications, 1963.
Barnard, J. Darrell. Teaching High-School Scien ce. Wash-
ington, D.C.: American Educational Research Assoc-
iation of the National Education Association, 1956.
178.
Dimfee, Maxina. Eleinantary School Sc ience! A Guide to
Current Research
. Washington, AssociatTon
for Supervision and Curriculum Development, National
Education Association, 196?.
Educational Policies Commission of the National Education
Association. The Central Purp ose of Ameri^
Educat ion. V/ashington, D.C . : “Natiolial Education
Association, 1961.
Gardner, John H. Two Goals of Education
. The Report of the
President’s Commission of National Goals for Amer-
icans. New York: American Assembly, Columbia Uni-
versity, I960.
Harvard Pro.lect Newsletter No. Ij. of Harvard Project Physics
(Winter, I9T6T, 2-10.
National Education Association. Cardinal Principles of Sec -
ondary Education. Report of theCommission on the
Reorganization of Secondary Education. Bulletin
1918
,
No. 35 . Washington, D.C.: Government Print-
ing Office, 1918.
National Science Teachers Association. Planning for Excel -
lence in High School Science . Washington, D.dTT”
KaFional Science Treachers Association, 1961.
Report of the Committee on Secondary School Studies . The
Committee of Ten of the National Education' Assoc-
iation of United States, Conference on Astronomy,
Chemistry and Physics, V/ashington, D.C.i U. S.
Government Printing Office, 1893*
Rutherford, P. James. Harvard Pro ject News letter, No._7. of
Harvard Project Physics Tspring, 19^1# 2-11.
Statement by the President’s Science Advisory Committee, A.
Educati on for the Age of Science . Washington , D . C .
:
U. S. Government Printing Office, 1959.
Supplementary Educational Monographs. Published in conjunc-
tion with The School Review and The _Elementary _
Schoo l Journal . No. 73# 1950.
Unpublished Material
Balcziak, Louis W. ’’The Role of the Laboratory and Demon-
stration in College Physical Science in Achieving
the Objectives of General Education.” Unpublished
doctoral dissertation. University of Minnesota, 1953.
179 .
Coulter, John C. "The Effectiveness of Inductive Laboratory,
Inductive Demonstration, and Deductive Laboratory in
Arbor, Michigan: University Microfilms.
1965.
Crumb, Glenn H. "A Study of Understanding Science Deveoped
in High School Physics." Ann Arbor, Michigan:
University Microfilms, 1965.
Mahan, Luther Alvin. "The Effect of Problem-Solving and
Lecture
-Discussion Methods of Teaching General Sci-
ence in Developing Student Grov;th in Basic Under-
standings, Problem-Solving Skills, Attitudes, In-
terests and Personal Adjustment." Ann Arbor, Mi-
chigan: University Microfilms, 1963.
Sorenson, Lavar L. "Change In Critical Thinking Between
Students in Laboratory-Centered and Lecture -Demon-
stration -Centsred Patterns of Instruction in High
School Biology." Ann Arbor, Michigan: University
Microfilms, 1966.
Trent, John Henry. "The Attainment of the Concept. 'Under-
standing Science' Using Contrasting Physics Courses."
Ann Arbor, Michigan: University Microfilms, 1965.
Other Sources
/
Cooley, William W. and Leo E. Klopfer. Test on Understand-
ing Science Manual for Administering Scoring
,
and
Interpreting Scores . Cambri dge , Mas sachus e t ts
:
Harvard University Press, 1961.
Vitrogan, David. Personal Correspondence, February 18, 1969.
Waltz, Mark. Uncompleted doctoral dissertation. University
of Massachusetts, 1969.

